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Resumen

El modelo function passing proporciona un soporte más directo sobre el cual construir siste-
mas distribuidos orientados a datos. En resumen, construye una estructura de datos funcional y
persistente que representa transformaciones en datos immutables y distribuidos pasando funcio-
nes serializables y bien tipadas entre distintos nodos y aplicandolas sobre datos immutables. De
esta manera, el diseño del modelo simplifica la tolerancia a fallos—los datos se pueden recupe-
rar aplicando otra vez las funciones sobre los datos originarios guardados en memoria. Técnicas
como la evaluación diferida son centrales en el modelo, haciéndolo eficiente y fácil de entender,
y evaluándolo sólo en el punto en el que una comunicación en la red comienza.

Este proyecto provee un resumen de la implementación de tal modelo en Scala, discutiendo
importantes mejores requeridas en dos complejas extensiones del compilador de Scala: Scala
Pickling y Spores, aśı como lo requerido para aunar ambos proyectos de una forma óptima. El
presente trabajo permite una mı́riada de nuevas oportunidades para construir sistemas distri-
buidos orientados a datos; ya no solo sistemas como Apache Spark, aunque puede ser visto como
el caso de uso t́ıpico para este modelo. Mientras el modelo estó diseñado para ser agnóstico de
la plataforma (está implementado en Scala y se ejecuta sobre la JVM), puede interoperar con
otros lenguajes de programación como Javascript mediante Scala.js, un plugin del compilador de
Scala que permite a cualquier framework basado en Javascript beneficiarse de esta contribución.
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Resumen extendido

Los frameworks con más éxito para el procesamiento de big data han adoptado APIs fun-
cionales. Sin embargo, sus implementaciones están construidas sobre tecnoloǵıas poco tipadas,
basadas en un paradigma imperativo, que complican el diseño e implementación de propie-
dades clave en los sistemas distribuidos como la tolerancia a fallos. Consecuentemente, estas
plataformas se enfrentan a los siguientes problemas:

1. Dificultad de uso. Los sistemas no pueden prevenir estáticamente el mal uso de ciertos
host language features (del lenguaje de programación utilizado) que no han sido pensadas
para un paradigma distribuido. Por consiguiente, esto produce errores en tiempo de eje-
cución muy dif́ıciles de depurar y solucionar. Un claro ejemplo es la serialización de unsafe
closures (funciones que no están tipadas y son distribuidas a otros nodos).

2. Complejo mantenimiento. Contrariamente a las APIs, las capas de implementación de
menor nivel no están estáticamente tipadas y las tareas de mantenimiento y refactoring,
claves para la calidad y futuro del producto, se hacen mucho más dif́ıciles.

3. Pérdida de oportunidades de optimización. La ausencia de información estática
sobre los tipos impide al compilador realizar optimizaciones clave sobre el código emitido.
Por ejemplo, la garant́ıa de crear código concreto para serializar objetos de cualquier
tipo en tiempo de compilación es crucial, pues evita el uso de serialización en tiempo
de ejecución, la cual es ineficiente y produce una sobrecarga del sistema, especialmente
aquellos en tiempo real. Éste hecho ha obligado a muchas plataformas que se ejecutan
sobre la JVM a optar por otras alternativas como Avro, Protocol Bu↵ers or Kryo, puesto
que la serialización estándar implementada en Java es notablemente ineficiente.

El modelo function passing proporciona un soporte más directo sobre el cual construir siste-
mas distribuidos orientados a datos. En resumen, construye una estructura de datos funcional y
persistente que representa transformaciones en datos immutables y distribuidos pasando funcio-
nes serializables y bien tipadas entre distintos nodos y aplicandolas sobre datos immutables. De
esta manera, el diseño del modelo simplifica la tolerancia a fallos—los datos se pueden recupe-
rar aplicando otra vez las funciones sobre los datos originarios guardados en memoria. Técnicas
como la evaluación diferida son centrales en el modelo, haciéndolo eficiente y fácil de entender,
y evaluándolo sólo en el punto en el que una comunicación en la red comienza. Su diseño se
centra en evitar los problemas descritos anteriormente y proveer al programador de un soporte
más intuitivo para la construcción de sistemas distribuidos.

El trabajo aqúı expuesto se basa en dos ĺıneas de investigación anteriores: generación de códi-
go para serializar de una forma eficiente y esporas tipadas, closures que pueden ser serializables
sin perder información estática sobre sus tipos.

El modelo extiende la programación monádica al env́ıo y recepción de datos entre redes de
ordenadores. Es, de hecho, un modelo dual a la programación basada en actores (actor model),
con la salvedad de que en esta ocasión mantenemos los datos estacionados y los transforma-
mos enviando la funcionalidad a los hosts que los almacenan, en lugar de enviar los datos e
implementar la lógica de negocio en los actores.



En general, el model function-passing trae conjuntamente inmutabilidad, estructuras de
datos persistentes, funciones monádicas de alto orden, fuerte estático tipado y lazy evaluation,
siendo éste último el más importante de todos, puesto que sin él el modelo presentado seŕıa
ineficiente en ambos tiempo y memoria. Las garant́ıas de tolerancia a fallos están basadas en el
concepto de lineage, que utiliza un DAG (grafo aćıclico dirigido) para representar la secuencia de
transformaciones a partir de unos datos iniciales (concepto inspirado por Resilient Distributed
Datasets, también conocidos como RDDs). Aśı, en caso de algún fallo, la información puede
volverse a computar recorriendo el grafo y aplicando secuencialmente las transformaciones.
Este concepto está siendo utilizado en producción por sistemas como Apache Spark, Twitter’s
Scalding, Scoobi, Dryad and Hadoop MapReduce. Conjuntamente, para asegurar la recepción
de mensajes entre los nodos, se utiliza el algoritmo Reply-ACK y otros algoritmos orientados a
proporcionar un sistema tolerante a fallos embebido en el mismo diseño.

Esta proyecto provee un resumen de la implementación de tal modelo en Scala, discutiendo
importantes mejores requeridas en dos complejas extensiones del compilador de Scala: Scala
Pickling y Spores, aśı como lo requerido para aunar ambos proyectos de una forma óptima. El
presente trabajo permite una mı́riada de nuevas oportunidades para construir sistemas distri-
buidos orientados a datos; ya no solo sistemas como Apache Spark, aunque puede ser visto como
el caso de uso t́ıpico para este modelo. Mientras el modelo está diseñado para ser agnóstico de
la plataforma (está implementado en Scala y se ejecuta sobre la JVM), puede interoperar con
otros lenguajes de programación como Javascript mediante Scala.js, un plugin del compilador de
Scala que permite a cualquier framework basado en Javascript beneficiarse de esta contribución.

El proyecto ha sido llevado a cabo en el LAMP (Laboratorio de Métodos de Programación),
situado en la EPFL (Escuela Politécnica Federal de Lausanne, Suiza) y supervisado por Heat-
her Miller (doctora e investigadora) y Martin Odersky (catedrático y creador del lenguaje de
programación Scala). El modelo presentado está diseñado para ser adoptado por lenguajes y
sistemas del mundo real. Aśı pues, este proyecto consiste en la implementación de tal sistema
por y para Scala, que ya es el lenguaje host de alguna de las plataformas mencionadas, aśı como
aportes y mejoras teóricas al modelo. A continuación, se presenta el contenido de la memoria,
que está escrito en inglés.
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send()



lazy

def sum(x: Int, y: Int) = {
val res = x + y
println(s"x + y = {res}")



res
}

println
Int => Int

SiloRef
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SiloRef[T]
Silo[T]

λ T ⇒ S SiloRef[T]
SiloRef[S]

SiloRef[S]
SiloRef[T]

Silo[T]
Silo[S]

λ SiloRef[S]
Silo[S]

SiloRef[S]
Silo[S]



SiloRef
Silo

adults

persons
persons

on remote node
points to silo

adults

persons
persons

owners

vehicles

on remote node
points to silo

adults
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sorted

labels
λ

List[Person]⇒List[String]
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map
flatMap
send
cache

def map[S](s: Spore[T, S]): SiloRef[S]
map

map

map
send cache

Person map

val persons: SiloRef[List[Person]] = ...
val adults =
persons.map(spore { ps => ps.filter(p => p.age >= 18) })

def flatMap[S](s: Spore[T, SiloRef[S]]): SiloRef[S]

map flatMap

flatMap
flatMap

Vehicle
adults

flatMap (Person, Vehicle)

val vehicles: SiloRef[List[Vehicle]] = ...
// adults that own a vehicle



val owners = adults.flatMap(spore {
val localVehicles = vehicles // spore header
ps =>
localVehicles.map(spore {
val localps = ps // spore header
vs =>
localps.flatMap(p =>
// list of (p, v) for a single person p
vs.flatMap {
v => if (v.owner.name == p.name) List((p, v)) else Nil

}
)

})
})

flatMap vehicles

vehicles ps Person
map localVehicles map

map adults flatMap
localVehicles.map(..)

flatMap localVehicles.map(..)

flatMap

flatMap
map map

def send(): Future[T]

send

send

send send

reduce



def cache(): Future[Unit]

send
send

cache
Future[Unit]

adults Person String
cache

val sorted =
adults.map(spore { ps => ps.sortWith(p => p.age) })

val labels =
sorted.map(spore { ps => ps.map(p => "Welcome, " + p.name) })

labels.cache()

owners

vehicles owners
owners

owners

object SiloRef {
def fromTextFile(h: Host)(f: File): SiloRef[List[String]]
def fromFun[T](h: Host)(s: Spore[Unit, T]): SiloRef[T]
def fromLineage[T](h: Host)(s: SiloRef[T]): SiloRef[T]

}

h
fromFun

h host
fromLineage

s
s



map
flatMap

val persons: SiloRef[List[Person]] = ...
val vehicles: SiloRef[List[Vehicle]] = ...
// copy of `vehicles` on different host `h`
val vehicles2 = SiloRef.fromFun(h)(spore {
val localVehicles = vehicles
() => localVehicles

})

val adults =
persons.map(spore { ps => ps.filter(p => p.age >= 18) })

// adults that own a vehicle
def computeOwners(v: SiloRef[List[Vehicle]]) =
spore {
val localVehicles = v
(ps: List[Person]) => localVehicles.map(...)

}

val owners: SiloRef[List[(Person, Vehicle)]] =
adults.flatMap(computeOwners(vehicles),

computeOwners(vehicles2))

flatMap computeOwners(vehicles)
flatMap computeOwners(vehicles2)

adults
computeOwners(vehicles)

vehicles
adults

adults.flatMap(..)
computeOwners(vehicles2)

vehicles vehicles2



Vehicle Host("lmpsrv1.scala-lang.org", 9999)

val lmpsrv1 = Host("lmpsrv1.scala-lang.org", 9999)

// client #1
// populate initial silo
val vehicles: SiloRef[List[Vehicle]] =
Silo.fromTextFile(lmpsrv1)("hdfs://...")

val silo2 = vehicles.map(spore {
(vs: List[Vehicle]) =>
// extract US state from license plate string, e.g, "FL329098"
vs.map(v => (v.licensePlate.take(2), v)).toMap

})
val vehiclesPerState = silo2.send()

// client #2
// get siloref for silo that is being materialized due to client #1
val vehicles: SiloRef[List[Vehicle]] =
Silo.fromTextFile(lmpsrv1)("hdfs://...")

val silo2 = vehicles.map(spore {
// list all vehicles manufactured since 2013
(vs: List[Vehicle]) => vs.filter(v => v.yearManufactured >= 2013)

})
val vehiclesSince2013 = silo2.send()

fromTextFile Host("lmpsrv1.scala-lang.org",9999)



vehicle

vehicles persons
info

object Utils {
def aggregate(vs: SiloRef[List[Vehicle]],

ps: SiloRef[List[Person]]): SiloRef[String] = ...
def write(result: String, fileName: String): Unit = ...

}
val vehicles: SiloRef[List[Vehicle]] = ...
val persons: SiloRef[List[Person]] = ...
val info: SiloRef[Info] = ...
val fileName: String = "hdfs://..."
val done = info.flatMap(spore {
val localVehicles = vehicles
val localPersons = persons
(localInfo: Info) =>
aggregate(localVehicles, localPersons).map(spore {
val in = localInfo
res => combine(res, in)

})
}).map(spore {
val captured = fileName
combined => Utils.write(combined, captured)

})
done.cache() // force computation

info

info
done

val doCombine = spore {
val localVehicles = vehicles
val localPersons = persons
(localInfo: Info) =>
aggregate(localVehicles, localPersons).map(spore {
val in = localInfo
res => combine(res, in)



})
}
val doWrite = spore {
val captured = fileName
combined => Utils.write(combined, captured)

}
val done = info.flatMap(doCombine).map(doWrite)
val backup = SiloRef.fromFun(hostb)(spore { () => true })
val recovered = backup.flatMap(
spore {
val localDone = done
x => localDone

},
spore { // fault handler
val localInfo = info
val localDoCombine = doCombine
val localDoWrite = doWrite
val localHostb = hostb
x =>
// fromLineage makes sure, we re-run on hostb, rather than
// the host of info. That is, we just duplicate the lineage.
val restoredInfo = SiloRef.fromLineage(localHostb)(localInfo)
restoredInfo.flatMap(localDoCombine).map(localDoWrite)

}
)
done.cache() // force computation on host of local
recovered.cache() // force computation on backup host

doCombine doWrite
flatMap map backup

hostb
done info

flatMap backup

done
hostb done
backup.flatMap

info
hostb
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As a user of the API, I want to
create remote silos so that I can
store my data.

Priority: 100

Story points 6#1

As a user of the API, I want to map
over any silo so that I can trans-
form the stored data.

Priority: 90

Story points 6#2

As a user of the API, I want to
flat map over any silo so that I can
transform the stored data.

Priority: 90

Story points 6#3

As a user of the API, I want to ex-
tend the fault-tolerance mechanism
so that I can express my own busi-
nes logic.

Priority: 80

Story points 2#4

As a user of the API, I want to
plug in any network backend so
that I can choose how nodes are con-
nected across networks.

Priority: 60

Story points 4#5

As a user of the API, I want to im-
plement higher-order functions ba-
sed on map and flatmap so that I
can build other interfaces atop of it.

Priority: 80

Story points 2#6

As a user of the API, I want to
cache silos so that they are reused
by subsequent transformations.

Priority: 70

Story points 4#7

As a user of the API, I want to
asynchronously send transforma-
tions so that I can build my own
event-based framework.

Priority: 90

Story points 6#8









5 · 36
= 180
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https://github.com/scala/pickling
https://github.com/heathermiller/spores

https://github.com/jvican/function-passing.
https://github.com/scala/pickling
https://github.com/heathermiller/spores


User API

Pickling and Spores Binding

Scala Pickling Spores

Fault Tolerance

Network Abstraction

Netty Other

Architecture





obj Obj

import scala.pickling._
val pickled = obj.pickle
val obj2 = pickle.unpickle[Obj]

import pickle
unpickle

unpickle obj
Obj pickle

scala.pickling

PickleFormat

PickleFormat



Safe Closure Passing Haller and Miller

² :H�SUHVHQW�DQ�LPSOHPHQWDWLRQ�RI�VSRUHV�LQ�DQG�IRU�WKH�IXOO�6FDOD�ODQJXDJH��
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D�FROOHFWLRQ�RI�6FDOD�SURJUDPV��DQG��E��VKRZ�WKH�SRZHU�RI�WKH�JXDUDQWHHV�VSRUHV
SURYLGH�WKURXJK�D�FDVH�VWXG\�RI�QHZ�GLVWULEXWHG�DQG�FRQFXUUHQW�IUDPHZRUNV�WKDW
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6SRUHV�DUH�D�FORVXUH�OLNH�DEVWUDFWLRQ�ZKLFK�DLP�WR�JLYH�XVHUV�D�SULQFLSOHG�ZD\�RI�FRQ�
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SURSHUWLHV�

:H�GHVFULEH�EHORZ�WKH�V\QWDFWLF�VKDSH�RI�VSRUHV��DQG�LQ�6HFWLRQ "" ZH�LQIRUPDOO\
GHVFULEH�WKH�W\SH�V\VWHP��,Q�D�ODWHU�VHFWLRQ ""��ZH·OO�GHVFULEH�KRZ�WR�XVH�VSRUHV�ZLWK�WKH
W\SH�V\VWHP�H[WHQVLRQ�SURSRVHG�LQ�WKLV�SDSHU�

��� 6SRUH�6\QWD[

$ VSRUH�LV�D�FORVXUH�ZLWK�D�VSHFLÀF�VKDSH�WKDW�GLFWDWHV�KRZ�WKH�HQYLURQPHQW�RI�D�VSRUH
LV�GHFODUHG��,Q�JHQHUDO��D�VSRUH�KDV�WKH�IROORZLQJ�VKDSH�
ɨ ����� Ƈ
ɩ ��� �ɨś �ɨ ʰ ʳ����ɨʴ
ɪ ŜŜŜ
ɫ ��� ��ś �� ʰ ʳ�����ʴ
ɬ ſ�ś �ƀ ʰʴ Ƈ
ɭ � � � � �
ɮ ƈ
ɯ ƈ
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WKH ���� UHIHUHQFH�
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OHDYLQJ�RXW�WKH ����� PDUNHU�
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spore header

closure/spore body

}
}

Figure 1: The syntactic shape of a spore.

1 {
2 val y1: S1 = <expr1>
3 ...
4 val yn: Sn = <exprn>
5 (x: T) => {
6 / / . . .
7 }
8 }

(a) A closure block.

1 spore {
2 val y1: S1 = <expr1>
3 ...
4 val yn: Sn = <exprn>
5 (x: T) => {
6 / / . . .
7 }
8 }

(b) A spore.

Figure 2: The evaluation semantics of a spore is equivalent to that of a closure, obtained by simply
leaving out the spore marker.

A Spores

Spores are a closure-like abstraction and type system which aims to give users a principled way of
controlling the environment which a closure can capture. This is achieved by (a) enforcing a specific
syntactic shape which dictates how the environment of a spore is declared, and (b) providing additional
type-checking to ensure that types being captured have certain properties. A crucial insight of spores is
that, by including type information of captured variables in the type of a spore, type-based constraints for
captured variables can be composed and checked, making spores safer to use in a concurrent, distributed,
or in arbitrary settings where closures must be controlled.

A.1 Spore Syntax

A spore is a closure with a specific shape that dictates how the environment of a spore is declared. The
shape of a spore is shown in Figure 1. A spore consists of two parts:

• the spore header, composed of a list of value definitions.

• the spore body (sometimes referred to as the “spore closure”), a regular closure.

The characteristic property of a spore is that the spore body is only allowed to access its parameter,
the values in the spore header, as well as top-level singleton objects (public, global state). In particular,
the spore closure is not allowed to capture variables in the environment. Only an expression on the
right-hand side of a value definition in the spore header is allowed to capture variables.

By enforcing this shape, the environment of a spore is always declared explicitly in the spore header,
which avoids accidentally capturing problematic references. Moreover, importantly for object-oriented
languages, it’s no longer possible to accidentally capture the this reference.

7

this

map RDD
SparkContext

trait Spore[-A, +B] extends Function1[A, B] {
type Captured
type Excluded

}

A
B Spore

apply()
Function1

Captured Excluded



Captured

T S
String Int Spore[T, S] { type Captured = (String, Int)
}

String

Pickler Unpickler

// Spore references to a stable path, compiles
val sp: Spore2[Int, Int, Int] = spore {
(x: Int, y: Int) => Math.abs(x + y)

}

// Spore references to a non-stable path, doesn't compile
val sp: Spore2[Int, Int, Int] = spore {
(x: Int, y: Int) => mathUtils.abs(x + y)

}



case class User(id: String, name: String, age: Int, sex: Boolean)

// Defines a reference to a silo of users
val users: SiloRef[Vector[User]] = ...

val adults = users.map(spore {
(us: Vector[User]) =>
us.filter(u => u.age >= 18)

})

val women = adults.map(spore {
(us: Vector[User]) =>
us.filter(u => u.sex == 1)

})

SiloRef

Spore[Vector[User], Vector[User]]



// Define an object containing the implicits
object CachedPicklers {
type CachedSpore = Spore[Vector[User], Vector[user]]
implicit val ps = implicitly[Pickler[CachedSpore]]
implicit val us = implicitly[Unpickler[CachedSpore]]

}

// Import them in the scope of your call sites
import CachedPicklers._

staticOnly

scalajs-reflect



implicitly[Pickler[Spore[Vector[Int], Int]]]

Pickler
P Unpickler U

Pickler[Int]
Unpickler[Int]

Pickler Unpickler

PU abstract class PU[T] extends Pickler[T] with
Unpickler[T]

Unpickler[Spore[Vector[Int], Int]]
P[Int]

T[S] T Unpickler S
S



// Used implicits instances
implicitly[Pickler[Int]]
implicitly[Unpickler[Int]]
implicitly[Pickler[Vector[Int]]]
implicitly[Unpickler[Vector[Int]]]

// Pickler and Unpickler code for the spore type
object SporePU extends PU[Spore[Vector[Int], Int]] { ... }

HybridMode



Any

Any
Any

AnyPicklerUnpickler

getClass

HybridMode

// Define B and declare a spore
case class B[S](value: S)
val s: Spore[T, B[S]] = ??? // undefined

// Generate picklers and unpickler
implicitly[Pickler[Spore[T, B[S]]]
implicitly[Unpickler[Spore[T, B[S]]]

B
B W Spore

W[A]
W



case mapped: Mapped[t, s] =>

u s
mapped

val newSilo = new LocalSilo[v, s](mapped.fun(value))

Mapped[t, s]

Mapped

def doPickle[T](msg: T)
(implicit pickler: Pickler[T],

unpickler: Unpickler[T]): Array[Byte] = ???

doPickle T

doPickle[Mapped[List[Int], List[String]]](mapped)

https://github.com/scala/pickling/issues/426
https://github.com/scala/pickling/issues/423
https://github.com/scala/pickling/issues/422
https://github.com/scala/pickling/issues/417
https://github.com/scala/pickling/issues/399
https://github.com/scala/pickling/issues/398
https://github.com/scala/pickling/issues/397
https://github.com/scala/pickling/issues/395
https://github.com/scala/pickling/issues/391


doPickle

case class SelfDescribing(
blob: Array[Byte],
unpicklerClassName: String

)

SelfDescribing

Mapped

final case class Mapped[T, S](
target: Node, // points to the parent node
sp: Spore[T, S], // spore that we're sending over
nodeId: NodeId // identify the node

)(implicit p: Pickler[Spore[T, S]],
u: Unpickler[Spore[T, S]]) extends Node

map List[String] List[Int]
Mapped

val p = implicitly[Pickler[Mapped[List[String], List[Int]]]]
val u = implicitly[Unpickler[Mapped[List[String], List[Int]]]]

Mapped
Spore[T, S] T S

Mapped

doPickle

JVM Class



SelfDescribing

Pickler
Unpickler

Pickler Unpickler
object class

tags

Any List[Int] List[Any]

sun.misc.Unsafe.instance.allocateInstance
null

object

FastTypeTag



Spore[List[Int], List[String]]
List[Int] List[String] String Int

Function0

// Works! There's an implicit conversion!
val f1 = (name: String) => println(s"Hello, name")
val sp1: Spore[String, String] = f1

// Doesn't work, no spore0 class and implicit conversion!
val f0 = () => println(s"Hello, Joe")
val sp0: ??? = f0

Function0
NullarySpore



Spore[T, S]
T S

Spore

trait SporeWithEnv[-T, +R] extends Spore[T, R] { ... }

Spore[T,S] {type Captured = Nothing}

Spore SporeWithEnv

Pickler Unpickler

// Define a spore with environment
val captured = 1
val sp: Spore[Int, String] = spore {
val c: Int = captured
(i: Int) =>
(i + c).toString

}



// Pickle a spore
val p = sp.pickle

SporeWithEnv
[Int, String] sp sp Spore[Int, String]

SporeWithEnv

map

Spore

Pickler Unpickler

SporeWithEnv

spore

freshName

Class.forName



FastTypeTag

AnyPicklerUnpickler

Spore[Any, Any]

FastTypeTag

Spore[Any, Any]



// Examples of some spore types
Spore[Int, String]
Spore[Int, String] {type Captured = Nothing}
Spore[Int, String] {type Captured = ((String, String), Double)}
Spore[Int, String] {type Excluded = Nothing}
Spore[Int, String] {type Excluded = ActorRef}
Spore[Int, String] {type Captured = Int; type Excluded = String}
SporeWithEnv[Int, String]
SporeWithEnv[Int, String] {type Captured = Nothing}
SporeWithEnv[Int, String] {type Captured = ((String, String), Double)}
SporeWithEnv[Int, String] {type Excluded = Nothing}
SporeWithEnv[Int, String] {type Excluded = ActorRef}
SporeWithEnv[Int, String] {type Captured = Int; type Excluded = String}

Excluded

Captured

object







Silo



OutOfMemoryException

SiloRef

Future Promise

Future

SiloRef



http://redis.io/
https://zeromq.org
http://www.rabbitmq.com/






implicitly

implicitly

def implicitly[T](implicit e: T) = e

T

implicit
implicitly

implicitly[T]
T

implicit
greeting

implicit def normalToRichConversion(i: Int): RichInt =
new RichInt(1)

class RichInt(i: Int) {
override def greeting(): String =
"Hello, I am a rich Int"

}



// What developers usually do
println(RichInt(1).greeting)

RichInt Int greeting

// The compiler wraps 1 with `new RichInt()`
println(1.greeting)

implicit class RichInt(i: Int) {
override def greeting(): String =
"Hello, I am a rich Int"

}



Program Compiler

Macro expansion

Transformed program

Compiler Executable

assert

def assert(cond: Boolean, msg: String) = macro assertImpl

def assertImpl(c: Context)(cond: c.Tree, msg: c.Tree) = {

equals Object



// Import the compiler universe
import c.universe._
// Continue the implementation
???

}

assert
assertImpl

assert

/* Framework code */

// Define a simple pickler interface
trait Pickler[T] { def pickle(x: T): String }
def pickle[T](x: T)(implicit ev: Pickler[T]) = ev.pickle(x)

// Declare a macro that will generate the pickling code for a type T
implicit def generatePickler[T]: Pickler[T] = macro ...

/* User code */

// Define a person and pickle an instance
case class Person(name: String)
pickle(Person("Jorge"))

Pickler pickle
Pickler[T]

T

pickle(Person("Jorge"))(generatePickler[Person])

generatePickler

pickle(Person("Jorge"))(new Pickler[Person] {
def pickle(x: Person): String = ???

})
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