
Scala macros
Swiss army knife for building libraries



About me

Bartosz Bąbol

Twitter: @BBartosz91
Blog: www.bbartosz.com



Macros 



What are macros good for?

➤ Code generation

➤ Static checks

➤ Domain-specific languages



What are macros?
➤➤ allow metaprogramming in Scala

➤ expanded at compile time

➤ manipulate AST

➤ great for building libraries

➤ written in Scala





What is metaprogramming?



What is metaprogramming?



Metaprogramming in other languages
➤ C / C++
➤ Java
➤ Ruby
➤ Python
➤ JavaScript
➤ Lisp
➤ Clojure
➤ Haskell



C macro examples
➤ Code simplification

➤ Conditional compilation

#define foreach(list, index) \
        for(index = 0; index < list.size(); index++)

#define _UNIX_
#ifdef _WINDOWS_
#include <windows.h>
#else
#include <pthread.h>
#endif



C macro examples
➤ Happy debugging!

#define TRUE FALSE



C macro examples
➤ Happy debugging!

#define TRUE FALSE



Scala libraries that uses macros
➤ Play Framework

➤ Spray

➤ Shapeless

➤ Cats

➤ Slick

➤ ReactiveMongo

➤ Rapture



Motivation
case class Car(

year: Int, 

model: String, 

weight: Int, 

owner: String, 

color: String

)

 {
“year”: 123,

“model”: “Ford”,

“weight”: 1000,

“owner”: “John”

“color”: “black”

}



Motivation
case class Car(

year: Int, 

model: String, 

weight: Int, 

owner: String, 

color: String

)

 implicit val carWrites = (
   (__ \ "year").write[Int] and

   (__ \ "model").write[String] and

   (__ \ "weight").write[Int] and

   (__ \ "owner").write[String] and

   (__ \ "color").write[String]

 )(unlift(Car.unapply))



Motivation
case class Car(

year: Int, 

model: String, 

weight: Int, 

owner: String, 

color: String

)

implicit val carWrites = Json.writes[Car]



def writes[A]
*   implicit val userWrites = Json.writes[User]

*   // macro-compiler replaces Json.writes[User] by injecting into compile 
chain

*   // the exact code you would write yourself. This is strictly equivalent 
to:

*   implicit val userWrites = (

*      (__ \ 'name).write[String] and

*      (__ \ 'age).write[Int]

*   )(unlift(User.unapply))

* }}}



def writes[A]
*   implicit val userWrites = Json.writes[User]

*   // macro-compiler replaces Json.writes[User] by injecting into compile 
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to:

*   implicit val userWrites = (

*      (__ \ 'name).write[String] and
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* }}}



def writes[A]

Implementation in Json.scala

def writes[A] = macro JsMacroImpl.writesImpl[A]



Simple example of macros

object Main extends App{

 Welcome.hello("Lambda Days")

}



Simple example of macros
import java.time.Year

import scala.language.experimental.macros

import scala.reflect.macros.blackbox.Context

object Welcome {

def hello(name: String): Unit = macro helloImplementation

 def helloImplementation(c: Context)(name: c.Tree): c.Tree = {

  import c.universe._

   val currentYear = Year.now.getValue

   q""" println("Hello " + $name + " " + $currentYear) """

 }

}
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import java.time.Year

import scala.language.experimental.macros

import scala.reflect.macros.blackbox.Context

object Welcome {

def hello(name: String): Unit = macro helloImplementation

 def helloImplementation(c: Context)(name: c.Tree): c.Tree = {

  import c.universe._

   val currentYear = Year.now.getValue

   q""" println("Hello " + $name + " " + $currentYear) """
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Simple example of macros



Quasiquotes

q""" println("Hello " + $name + " " + $currentYear)"""



What are AST

1 + (2 + 3)



What is Abstract Syntax Tree (AST)

1 + (2 + 3)

  int(1) '+' '(' int(2) '+' int(3) ')'



What is Abstract Syntax Tree (AST)

1 + (2 + 3)

  int(1) '+' '(' int(2) '+' int(3) ')'

PLUS 1

PLUS 2 3



1 + (2 + 3)

  Plus(1, (Plus(2, 3))
PLUS 1

PLUS 2 3



Quasiquotes

q""" println("Hello " + $name + " " + $currentYear)"""



Apply(
Ident(TermName("println")),
List(
    Apply(
      Select(

Apply(
Select(

Apply(
Select(

Literal(Constant("Hello ")),         
TermName("$plus")), 

List(
Literal(Constant("Lambda days")))), 

TermName("$plus")), 
List(

Literal(Constant(" ")))), 
TermName("$plus")), 
List(

Literal(Constant(2016))))))



Before/after quasiquotes

q“”” “lambda days” “””

q”x+y”

Literal(Constant("lambda days"))

Apply(
Select(

Ident(TermName("x")), 
TermName("$plus")

), 
List(Ident(TermName("y"))))

   Quasiquotes     Tree     



Other quasiquotes interpolators

val expressionsDefinitionsAndImports = q"List(1,2)"

val types = tq"List[Int]"

val patterns = pq"a: List[Int]"

val caseClause = cq"a: Int => a + 2"

val forLoopEnumerator = fq"a <- 1 to 5"



Macro annotations

def testMethod[String]: Double = {

   val x = 2.0 + 2.0

  Math.pow(x, x)

}



Macro annotations

def testMethod[String]: Double = {

  val start = System.nanoTime()

   val x = 2.0 + 2.0

  val result = Math.pow(x, x)

  val end = System.nanoTime()

  println("testMethod elapsed time: " + (end - start) + "ns")

  result

}



Macro annotations

def testMethod[String]: Double = {

 val start = System.nanoTime()

 val x = 2.0 + 2.0

 val result = Math.pow(x, x)

 val end = System.nanoTime()

 println("testMethod elapsed time: " + (end - start) + "ns")

 result

}



Macro annotations

@Benchmark

def testMethod[String]: Double = {

 val x = 2.0 + 2.0

 Math.pow(x, x)

}



Macro annotations
@Benchmark
def testMethod[String]: Double = {

 val x = 2.0 + 2.0
 Math.pow(x, x)

}

@Benchmark
def testMethod[String]: Double = {

 val x = 2.0 + 2.0
 Math.pow(x, x)

}

@Benchmark

def testMethod[String]: Double = {

 val x = 2.0 + 2.0

 Math.pow(x, x)

}

def testMethod[String]: Double = {

 val t0 = System.nanoTime()

 val x = 2.0 + 2.0

 val result = Math.pow(x, x)

 val t1 = System.nanoTime()

 println("testMethod elapsed time: 
" + (t1 - t0) + "ns")

 result

}



Macro annotations

import scala.annotation.StaticAnnotation

import scala.language.experimental.macros

import scala.reflect.macros.whitebox.Context

class Benchmark extends StaticAnnotation {

def macroTransform(annottees: Any*) = macro Benchmark.impl

}



Macro annotations
object Benchmark {

def impl(c: Context)(annottees: c.Expr[Any]*): c.Expr[Any] = {

   import c.universe._

   val result = {

         annottees.map(_.tree).toList match {

       case q"$mods def $methodName[..$tpes](...$args): $returnType = { ..$body }" 

:: Nil => {

         // Creating new AST tree here

       }

       case _ => c.abort(c.enclosingPosition, "Annotation @Benchmark can be used  

    only with methods")

     }

   }

   c.Expr[Any](result) }}
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Macro annotations
object Benchmark {

def impl(c: Context)(annottees: c.Expr[Any]*): c.Expr[Any] = {
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Macro annotations
q"$mods def $methodName[..$tpes](...$args): $returnType = { ..$body }" 



Macro annotations
     q"$mods def $methodName[..$tpes](...$args): $returnType = { ..$body }" 

    ..$tpes  => List[universe.Tree]

    ...$args => List[List[universe.Tree]]



Macro annotations
     q"$mods def $methodName[..$tpes](...$args): $returnType = { ..$body }" 

    ..$tpes  => List[universe.Tree]

    ...$args => List[List[universe.Tree]]

private def foo[A, B, C](a:A ,b:B)(c: C): A = {

 //body

}



Macro annotations
q"""$mods def $methodName[..$tpes](...$args): $returnType =  {

        val start = System.nanoTime()

val result = {..$body}

val end = System.nanoTime()

println(${methodName.toString} + " elapsed time: " + (end - start) + 
"ns")

result

    }"""



Gridzzly



Our case



Slick



Slick

  users.map(_.name)   =>  select NAME from USERS



Slick

class UsersTable(tag: Tag) extends Table[User](tag, "users"){
 def id = column[Long]("id", O.PrimaryKey, O.AutoInc)
 def email = column[String]("email")
 def firstName = column[String]("first_name")
 def lastName = column[String]("last_name")
 def status = column[Int]("status")
 def gender = column[Int]("gender")
 def salary = column[Long]("salary")
 def notes = column[String]("notes")

 def * = (id.?, email, firstName, lastName, status, gender,salary, notes)
<> ((User.apply _).tupled, User.unapply)

}



Slick
val filtered = users.filter(_.email === “a@a.pl”) => 

select * Filtering

from "users"

where "email" = "a@a.pl"

val paginated = users.drop(10).take(5)

select * Paginating

from "users"

limit 5 offset 10

val sorted = users.sortBy(_.firstName.desc)

select * Sorting

from "users"

order by "first_name" desc



Sorting
def sortBy(conditions: (String, String)) = conditions match {
 case ("firstName", "asc") => users.sortBy{case user => user.firstName.asc}
 case ("firstName", "desc") => users.sortBy{ case user => user.firstName.desc}
 case ("lastName", "asc") => users.sortBy{ case user => user.lastName.asc}
 case ("lastName", "desc") => users.sortBy{ case user => user.lastName.desc}
 case ("status", "asc") => users.sortBy{ case user => user.status.asc}
 case ("status", "desc") => users.sortBy{ case user => user.status.desc}
 case ("gender", "asc") => users.sortBy{ case user => user.gender.asc}
 case ("gender", "desc") => users.sortBy{ case user => user.gender.desc}
 case ("notes", "asc") => users.sortBy{ case user => user.notes.asc}
 case ("notes", "desc") => users.sortBy{ case user => user.notes.desc}
 case ("salary", "asc") => users.sortBy{ case user => user.salary.asc}
 case ("salary", "desc") => users.sortBy{ case user => user.salary.desc}
 case ("email", "asc") => users.sortBy{ case user => user.email.asc}
 case ("email", "desc") => users.sortBy{ case user => user.email.desc}
 case _ => users.sortBy{ case user => user.id.desc} }



Slick
def sortBy(conditions: (String, String)) = conditions match {
 case ("firstName", "asc") => users.sortBy{case user => user.firstName.asc}
 case ("firstName", "desc") => users.sortBy{ case user => user.firstName.desc}
 case ("lastName", "asc") => users.sortBy{ case user => user.lastName.asc}
 case ("lastName", "desc") => users.sortBy{ case user => user.lastName.desc}
 case ("status", "asc") => users.sortBy{ case user => user.status.asc}
 case ("status", "desc") => users.sortBy{ case user => user.status.desc}
 case ("gender", "asc") => users.sortBy{ case user => user.gender.asc}
 case ("gender", "desc") => users.sortBy{ case user => user.gender.desc}
 case ("notes", "asc") => users.sortBy{ case user => user.notes.asc}
 case ("notes", "desc") => users.sortBy{ case user => user.notes.desc}
 case ("salary", "asc") => users.sortBy{ case user => user.salary.asc}
 case ("salary", "desc") => users.sortBy{ case user => user.salary.desc}
 case ("email", "asc") => users.sortBy{ case user => user.email.asc}
 case ("email", "desc") => users.sortBy{ case user => user.email.desc}
 case _ => users.sortBy{ case user => user.id.desc} }



SortBy
def sortBy(conditions: (String, String)) = conditions match {
 case ("firstName", "asc") => users.sortBy{case user => user.firstName.asc}
 case ("firstName", "desc") => users.sortBy{ case user => user.firstName.desc}
 case ("lastName", "asc") => users.sortBy{ case user => user.lastName.asc}
 case ("lastName", "desc") => users.sortBy{ case user => user.lastName.desc}
 case ("status", "asc") => users.sortBy{ case user => user.status.asc}
 case ("status", "desc") => users.sortBy{ case user => user.status.desc}
 case ("gender", "asc") => users.sortBy{ case user => user.gender.asc}
 case ("gender", "desc") => users.sortBy{ case user => user.gender.desc}
 case ("notes", "asc") => users.sortBy{ case user => user.notes.asc}
 case ("notes", "desc") => users.sortBy{ case user => user.notes.desc}
 case ("salary", "asc") => users.sortBy{ case user => user.salary.asc}
 case ("salary", "desc") => users.sortBy{ case user => user.salary.desc}
 case ("email", "asc") => users.sortBy{ case user => user.email.asc}
 case ("email", "desc") => users.sortBy{ case user => user.email.desc}
 case _ => users.sortBy{ case user => user.id.desc} }



SortBy
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SortBy



SortBy
def sortBy(conditions: (String, String)) = conditions match {
 case ("firstName", "asc") => users.sortBy{case user => user.firstName.asc}
 case ("lastName", "asc") => users.sortBy{ case user => user.lastName.asc}
 case ("status", "asc") => users.sortBy{ case user => user.status.asc}
 case ("gender", "asc") => users.sortBy{ case user => user.gender.asc}
 case ("notes", "asc") => users.sortBy{ case user => user.notes.asc}
 case ("salary", "asc") => users.sortBy{ case user => user.salary.asc}
 case ("email", "asc") => users.sortBy{ case user => user.email.asc}
 case _ => users.sortBy{ case user => user.id.desc} }



FilterBy
private def filter(query: MyQuery, filterBy: Map[String, String]): MyQuery =   query.filter({
 case (user, car) => List(
   Option(filterBy.getOrElse("firstName")).map(col => user.firstName.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%")),
   Option(filterBy.getOrElse("lastName")).map(col => user.lastName.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%")),
   Option(filterBy.getOrElse("status")).map(col => user.status.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%")),
   Option(filterBy.getOrElse("gender")).map(col => user.gender.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%")),
   Option(filterBy.getOrElse("notes")).map(col => user.notes.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%")),
   Option(filterBy.getOrElse("salary")).map(col => user.salary.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%")),
   Option(filterBy.getOrElse("email")).map(col => user.email.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%"))).collect({
   case Some((criteria)) => criteria
 }).reduceLeftOption(_ || _).getOrElse((true: Rep[Boolean]))
})



FilterBy
private def filter(query: MyQuery, filterBy: Map[String, String]): MyQuery =   query.filter({
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   Option(filterBy.getOrElse("email")).map(col => user.email.asColumnOf[String].toLowerCase.like("%"+col.toLowerCase+"%"))).collect({
   case Some((criteria)) => criteria
 }).reduceLeftOption(_ || _).getOrElse((true: Rep[Boolean]))
})



Gridzzly syntax
@Gridzzly
case class UsersGrid() extends Grid[UsersTable, User, Seq]{
 val query = for {
   user <- TableQuery[UsersTable]
 } yield user

 val columns = Seq(
   GridColumn[UsersTable, String]("First name", user => user.firstName),
   GridColumn[UsersTable, String]("Last name", user => user.lastName),
   GridColumn[UsersTable, Int]("Status", user => user.status, Equals()),
   GridColumn[UsersTable, Int]("Gender", user => user.gender, Equals()),
   GridColumn[UsersTable, String]("Notes", user => user.notes),
   GridColumn[UsersTable, Long]("Salary", user => user.salary),
   GridColumn[UsersTable, String]("Email", user => user.email))

 val defaultSortBy = DefaultGridColumn[UsersTable, Long](user => user.id.desc)
}



@Gridzzly
case class UsersGrid() extends Grid[UsersTable, User, Seq]{
 val query = for {
   user <- TableQuery[UsersTable]
 } yield user

 val columns = Seq(
   GridColumn[UsersTable, String]("First name", user => user.firstName),
   GridColumn[UsersTable, String]("Last name", user => user.lastName),
   GridColumn[UsersTable, Int]("Status", user => user.status, Equals()),
   GridColumn[UsersTable, Int]("Gender", user => user.gender, Equals()),
   GridColumn[UsersTable, String]("Notes", user => user.notes),
   GridColumn[UsersTable, Long]("Salary", user => user.salary),
   GridColumn[UsersTable, String]("Email", user => user.email))

 val defaultSortBy = DefaultGridColumn[UsersTable, Long](user => user.id.desc)
}

case class UsersGrid() extends Grid[UsersTable, User, Seq] {
 ...
 type MyQuery = slick.lifted.Query[scala.Tuple2[UsersTable, Rep[Option[CarsTable]]], scala.Tuple2[User, Option[Car]], Seq];
 def run(conditions: GridConditions)(implicit dbConnection: DBConnection) = {
   val filteredQuery = filter(query, conditions.filterBy.columns)
   val sorted = sortBy(conditions, filteredQuery).drop((conditions.page - 1) * conditions.perPage).take(conditions.perPage).result
   val count = countFiltered(conditions).result
   (dbConnection.db.run(sorted), dbConnection.db.run(count))
 }
 def run(conditions: GridConditions, initialFilter: ((UsersTable, Rep[Option[CarsTable]])) => Rep[Boolean] )(implicit dbConnection: 
DBConnection) = {
   val initialFiltered = query.filter(initialFilter)
   val filteredQuery = filter(initialFiltered, conditions.filterBy.columns)
   val sorted = sortBy(conditions, filteredQuery).drop((conditions.page - 1) * conditions.perPage).take(conditions.perPage).result
   val count = countInitiallyFiltered(conditions, initialFiltered).result
   (dbConnection.db.run(sorted), dbConnection.db.run(count))
 }

 private def countInitiallyFiltered(conditions: GridConditions, filteredQuery: MyQuery) = filter(filteredQuery, conditions.filterBy.
columns).length;

 val colsForFrontend = scala.collection.immutable.List(
   scala.Tuple2("First name", "user.firstName"), scala.Tuple2("Last name", "user.lastName"),
   scala.Tuple2("Status", "user.status"), scala.Tuple2("Gender", "user.gender"), scala.Tuple2("Notes", "user.notes"),
   scala.Tuple2("Salary", "user.salary"), scala.Tuple2("Car brand", "carBrand"), scala.Tuple2("Email", "user.email")).map({
   case scala.Tuple2((label), (name)) => ColForFrontend(label, name)
 })
 private def countFiltered(conditions: GridConditions) = filter(query, conditions.filterBy.columns).length;

 private def sortBy(conditions: GridConditions, query: MyQuery) = conditions match {
   case GridConditions(_, _, "user.firstName", "asc", _) => query.sortBy({ case scala.Tuple2((user), (car)) => user.firstName.asc
   })
   case GridConditions(_, _, "user.firstName", "desc", _) => query.sortBy({case scala.Tuple2((user), (car)) => user.firstName.desc
   })
   case GridConditions(_, _, "user.lastName", "asc", _) => query.sortBy({case scala.Tuple2((user), (car)) => user.lastName.asc
   })
   case GridConditions(_, _, "user.lastName", "desc", _) => query.sortBy({case scala.Tuple2((user), (car)) => user.lastName.desc
   })
   case GridConditions(_, _, "user.status", "asc", _) => query.sortBy(case scala.Tuple2((user), (car)) => user.status.asc
   })
   case GridConditions(_, _, "user.status", "desc", _) => query.sortBy({case scala.Tuple2((user), (car)) => user.status.desc
   })
   case GridConditions(_, _, "user.gender", "asc", _) => query.sortBy({case scala.Tuple2((user), (car)) => user.gender.asc
   })
   case GridConditions(_, _, "user.gender", "desc", _) => query.sortBy({case scala.Tuple2((user), (car)) => user.gender.desc
   })
 



Gridzzly syntax
@Gridzzly
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   GridColumn[UsersTable, String]("Last name", user => user.lastName),
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}



Gridzzly syntax
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case class UsersGrid() extends Grid[UsersTable, User, Seq]{
 val query = for {
   user <- TableQuery[UsersTable]
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 val columns = Seq(
   GridColumn[UsersTable, String]("First name", user => user.firstName),
   GridColumn[UsersTable, String]("Last name", user => user.lastName),
   GridColumn[UsersTable, Int]("Status", user => user.status, Equals()),
   GridColumn[UsersTable, Int]("Gender", user => user.gender, Equals()),
   GridColumn[UsersTable, String]("Notes", user => user.notes),
   GridColumn[UsersTable, Long]("Salary", user => user.salary),
   GridColumn[UsersTable, String]("Email", user => user.email))

 val defaultSortBy = DefaultGridColumn[UsersTable, Long](user => user.id.desc)
}



Gridzzly syntax
@Gridzzly
case class UsersGrid() extends Grid[UsersTable, User, Seq]{
 val query = for {
   user <- TableQuery[UsersTable]
 } yield user

 val columns = Seq(
   GridColumn[UsersTable, String]("First name", user => user.firstName),
   GridColumn[UsersTable, String]("Last name", user => user.lastName),
   GridColumn[UsersTable, Int]("Status", user => user.status, Equals()),
   GridColumn[UsersTable, Int]("Gender", user => user.gender, Equals()),
   GridColumn[UsersTable, String]("Notes", user => user.notes),
   GridColumn[UsersTable, Long]("Salary", user => user.salary),
   GridColumn[UsersTable, String]("Email", user => user.email))

 val defaultSortBy = DefaultGridColumn[UsersTable, Long](user => user.id.desc)
}



IDE support



IDE Support



Intellij Idea support for macros



Debugging



Thank you for listening!

Where to find more?
http://scalamacros.org/talks.html

   http://underscore.io/training/courses/essential-macros/

Gridzzly:
https://github.com/JAVEO/gridzzly
https://github.com/JAVEO/gridzzly-example
https://github.com/JAVEO/gridzzly-idea-plugin

And last but not least:
bbartosz.com

https://github.com/JAVEO/gridzzly
https://github.com/JAVEO/gridzzly-idea-plugin

