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Placement Types

trait Registry extends Peer
trait Node extends Peer

val message: Event[String] on Registry Placement
= placed { getMessageStream() } Types




Architecture

trait Registry extends Peer { type Tie <: Multiple[Node] }
trait Node extends Peer { type Tie <: Single[Registry] with Multiple[Node] }

Architecture Specification

through Peer Types
Registry

Architecture-Based
Remote Access




Remote Access

trait Registry extends Peer { type Tie <: Single[Node] }
trait Node extends Peer { type Tie <: Single[Registry] }

val message: Event[String] on Node

placed[Registry] {
message.asLocal: Event[String]




Aggregation

trait Registry extends Peer { type Tie <: Multiple[Node] }
trait Node extends Peer { type Tie <: Single[Registry] }

val message: Event[String] on Node

placed[Registry] {
message.asLocalFromAll: Map[Remote[Node], Event[String]]




Communication




Data Flow

val message = Event[String] ()
val result = message map processMessage
val ui = new UI(result)

message

process message
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Distributed Data Flow

val message: Event[String] on Node = placed[Node] { Event[String] () }
val result = placed[Registry] { message.asLocal map processMessage }
val ui = placed[Node] { new UI(result.aslLocal) }

messSage

pProcess message

result

11



Complete Distributed Chat

@multitier object Chat {
trait Registry extends Peer { type Tie <: Multiple[Node] }
trait Node extends Peer { type Tie <: Single[Registry] }

val message = placed[Node] { Event[String]l() } Node
printin message
val publicMessage = placed[Registry] { Registrv
message.asLocalFromAllSeq map { case (_, msg) => msg } oublic
} Message

Node
placed[Node].main {
publicMessage.aslLocal observe println
for (line <- io.Source.stdin.getlLines)
message.fire(line)

printin message

12



Evaluation

systems

® Socket Window Wordcount

Two existing

[LLEELE

Case studies: 22 variants

Chat

Usemame = Me

Chat Room
Hello!

Hello T

Robot

No one wants to die. Even people who want to go to heaven dont want to
die to get there. And yet death is the destination we all share. No one has
ever escaped it. And that s as it should be, because Death is very likely the
single best invention of Life. it is Life’s change agent. It clears out the old to
make way for the new. Right now the new is you, but someday not too long
from now, you will gradually become the old and be cleared away. Sorry to
be S0 dramatic, but it is quite true.

CEEE SEEE

Shapes

_—
Add rectangle
Hangman Add circle
Add triangle
Please make a guess
_A_E_IA__

You have made 0 bad guesses out of a maximum of 5

Todos

Guess: B G D F

HJKLMNOPQRSTU

i Reactive Hangma |What needs to be done?

- Make this example useful

Make it Rx
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Porting to Distribution

Local Scalaloci

trait Server extends ServerPeer[Client]
trait Client extends ClientPeer[Server]

Akka

val ballSize = 20
L maxX = 800

val ballsize = 20 val ballsize = 20 val ballsize = 20
va val maxX = 800 val maxX = 800 U maxX = 800
val maxY = 400 val maxY = 400 val maxY = 400 val maxY = 40
val leftPos = 30 val leftPos = 30 val leftPos = 30 val leftpos -
val rightPos val rlghtPcs 770 val rightPos = 770
val initposition = feetnd (mu 200) val initPosition = Point(400, 200) val initPosition = ant(dUG 200)
val initSpeed = Val initSpeed = Point (10, ) i

val right 770
R Pom\(mu 200)
val initSpeed = Point(10,

val initSpeed = Point(10,

@remote trait Server {
def addPlaver(client: Client): Unit
ass Server extends Actor { def mouseYChanged(client: Client, y: Int): Unit }
def receive = addPlayer orElse mouseYChanged .
c
val clients = Var(Seq.empty[ActorRef])

extends Sepver {
Ul clients = Var (Seq.empty[C1ient])
val mousePositions = Var(Map.empty[ActorRef, Int])
val clientMouseY = nlacediClient] {
Signal { UI.mousePosition().y } }

val mousePositions = Var(lfap.empty[Client, Int])

def mouseYChanaed(client: Client,
mousePositions() =

def mouseYChanoed: Receive = { case MouseYChanaed(y) =>
mousePositions transform { _ + (sender ->y) } }

val isPlaying = Signal { lclients().size >= 2 }

val isPlavina = placediServer].local
Signal { |Femote[Client]: connected() size > 2} }

va} ball: S)qnall’[;mn(] = tick. fuld(m)(Pos)tmn) {

) Trsynchrontzsd e
T e

i
O et i . - (s o1
val isPlaying = Signal { clients().size >= 2 }

val b Signal[Point] o Ser\ler = placed {
ks fold(initPosition) { (ba

val bﬁl} Signal[Point] =
icl
§5 (EsPlaying.get) batl + spesd-get Else pos } }

old(initPosition) { (ba
it (isPlaying.get) ball + 5
(e T
Guients transtorm {0

val ball: Signal[Point] =
all tick. fold(initPosition) ) =
pesd get G156 ball } AR | ("2 )er jmmmEm )
e e

e
sender } }
val nlavers =

placedrservariitocal ¢ signal {
remote[Client]. connected() match 1

client: (lient) = svnchronized {
clients transform { _ :+ client } }
val_plavers = Sianal { val_nlavers = Sional {
ch clients() natch ( ients() nateh '
case left => Sea(Some(left), Some(right)) e left :: riaht => Seq(Some(left), Some(right)) e left : => Seq(Some(left), Some(right))
Case - > seq(None, fone) 31 Case _ => Seq(None, None) } 3 case _ => SeqlNuue, None) } }
val areas = val_areas = BIACEUISERVER val areas = { val areas = {
val racketY = Seq( val_ rac nlavers() man { val racketY = Sianal { val racketY = Signal {
Signal { UI.mousePosition().y }, IS wm > (cuentMousev from client). asLocal() } getOrElse lavers() man
Signal { ball(). initPosition. flatMap { mnusePothmns() get
val leftRacket = Racket(leftRacketPos, racketY(0)) val leTtRacket = Racket(leftPos, Signal { racketY()(8) })
val rightRacket = I:ackﬂt(rlghtRacketPns, racketY(1)) val rightRacket =
val rackets = L

t(leftRacket, rightRacket)
Signal { rackets map { _ Ty

val leftWall = ball.changed && {
val rightWall = bali.changed && { .

val xgounce = {
a1 ballInRacket = Signal { areas() exists { _ contains ball() } }
al collisionRacket = ballInRacket :hange:}ﬂo ue

x > maxx }

onf Ra
Teftwall || rightWall || Coae, onRacke

 Racket (rigntpos, Sianal {racketY()(1) )
yal rackets = List(leftRacket, rightracket)

Signal { rackets map { _.area() } } }

val leftWall = placedrSerer] Tocal { ball.changed && {
val rightWall =

<0}}
Jlacedfserueri.tocal { ball.changed & { x> mbxX } }

val TeftRacket = flew RACACL( el (RACKETPOS ket () (0]
val rightRacket

new Ra(Kc((rlghtRacketPuS, “dgnat {° Facketr() 13"
val rackets = List( cket)

leftRacket, rightRa
Signal { rackets map { _.area() } } }

val leftWall = ball.changed && {

<0}
Val rightWall = bali.changed §& { X > maxX }

} getOrElse initPosition, 7, ) }

plavers() man

flatMap { mousePathmns() get _
val TeTtRacket = llew RaCKel(Lel (RACKeTPOS, Signa Y() (0]
val rightRacket = new Racket (r)ghtRacKetPos Sinat racketv (171
val rackets = List(leftRacket, rightRacl
Signal { rackets map { _ 0¥y

val leftWall = ball.changed && {

} getOrElse initPosition.y } }

VAl FLaReaaTL = PALLS Change EA Lo > moxX 1
{ val xBounce = { val xBou {
= { areas() exists { _contains ball() } } al ballInRacket = Signal, { areas() exists { _ contains ball() } } val SalinRacket = 5 iopal { areas() exists { _ contains ball() } }
Val Callittonnecket = aUToRacRat changedTo True al collisionRacket = balllnRacket changedTo Trie al collisionRacket = ballInRacket changedTo True
leftWall || riahtiall |1 collisionRacket } Teftiatt || rightiat || R ERIY Leftuatl 1] rightiell |1 collisionRacket }
val yBounce = ball..changed val yBounce = glacedlserver] tocal { BalT.changed &6 val yBounce = ball.cl = ball.
{ => ball.y'< 0 [| ball.y > maxY } { ball => ball.y < 0 || ball.y > max¥ } } all
val speed = ¢
xBounce toggle (initspeed.x, -initspeed.x)

oggle (initSpeedy] -initS eed.y)
Slqnal { Pmn((x()?g 0y} i - " Y

val score =

{
val leftPolnts = rightWall.iterate(0) { _+1 )
vl cightPolnts = leftiall.iterate(o)

val speed = lacedlserver] local (
ounce togate inttopeed x, - initspeed.x)

toogle (initSpeed.y, - initSpeed.y)
M i

val score = [placediServe;

S batt.y <6 7] bally > maxv }
val speed =
x = xBounce toggle (signal { initspeed.x }

1 yBounce toggle lSanal { initSpeed.y }, Signal {
$ignit ( Point(x(), y())

signal { -initSpeed.x
-initSpeed.y }

chan
SRS battey 6 T botty > maxy 3
val speed =

572 i (oo (e, Sl

l Bounce toggle (1n1t5peeﬂ y, -initSpeed.y)
Slqnal ( Point(x(), y()) }
1 { val score = { val score =
val leftpolnts = rightiall. iterate(0) { _+ 1) val leftPlayerPom(s rightiall. iterate(o) { _+ 1}
{- V3L rightPoints ~ leftial +11
Signal { leftPoints() + ntPcmtsU } } 1901 Teftpoints() + o rxgntPomtsU T
val ui = new UI(areas, ball, score)

yal clghtPlayerpoints = lefthall. terate(o)

re = {
val leftPoints = rlgMWEll 1tera(e(0) {_

+1}
{_+11} val righrPoints = lefth: {_+1}
$50n01°1 lettPlayerpoints() + e mgntPlayerPomtsU 3} $lonal 1 LeftPoints() + ' 1 '+ righrpoints() § }
val ui = PlaCSHICIiEnt] { areas observe { areas => clients.now foreacn i unnacanraac(areas) 1} areas observe { undateAreasClients(clients.aet, ) }
new UI(areashastocal, balli@SlGeal, scorehasiioeal) } ball observe { ball => clients.now foreach { UndateBall(ball ball observe { undateBallClients(clients.aet. ') }
score observe { score => clients.now foreach {_! UDdateS(ore(scare) T

s et
score observe { updateScoreClients(clients.get, ) }
clients observe { clients observe { clients =>
undateAreasClients(clients, areas.aet)
undateBallClients(clients. ball.oet)
updateScoreClients (clients, score.get) }

foreach { client =>
client ! UpdateScore(score.now) } }

abstract class Client
val areas
val ball
val score

def undateAreasClients(clients: SealClient], areas: List[Area]) =

erver: Actorselection) extends Actor { clients foreach { undateAreas areas

ar(1ist emptyiArea]) s: SealClient], ball: Point)

Var (Point{0. 6) clients foreach { undateBall ball

Var("o : 0") def_undateScoreClients(clients iF‘n[ﬂlP"t], score: String) =
Clients foreach {  updatescore score

mousePosition observe {
erver ! Mousevcnanged(pas v) }

eremgte trait Client {_
val ui = new U(areas, ball, score) ef undatedreas(areas: |ist[Areal): Unit
Gef UndateRatl (balts Point): Unit
def receive = { def updatescore(score: String): Unit }
case UndateAreas(areas) => this. areas set areas
case lindateRall (ball) => this.ball set ball

class pl(server: Server) extends (
Case Undatescore(score) = thic.score set score }

I
Ut e kT e TS
| server | AddPlayer

multi-user su
distribution

val areas = Va r“\sr‘emnt\)/{Area]l
0")

UI,mousePosition observe
SRver neteVenangen (siTh S posw)
val ui = new UI(areas, ball, score)
def ndatedrens (areas: ListiAreal) = synchronized { this.areas() = areas }
def undaterall(ball: Point) = svnchronized { this.ball() = ball }
def updateScore(score: String) = synchronized { this. score() score }
| server addPlayer self
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Gearpump Real-Time Streaming Engine

Master
Proxy

components with

placement types @ @

no need to manually
maintain architecture

trait MasterProxy extends Peer { type Tie <: Multiple[Master] with Multiple[Worker] }
trait Worker extends Peer { type Tie <: Single[MasterProxy] with Optional[Master] }
trait Master extends Peer { type Tie <: Multiple[MasterProxy] with Multiple[Worker] }
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Apache Flink Stream Processor

Flink
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Scalaloci Flink
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Cloud Deployment Amazon EC2
Yahoo Streaming Benchmark
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scala-loci.github.io

Scalaloci

Research and development of
language abstractions for
distributed applications in Scala

Coherent Comprehensive Safe

Imp]emem‘ a cohesive Free|y express any Enjoy static Type—sofefy
distributed cpphcc:‘rion ina distributed architecture across components
sing|e multitier |c1ngucge

Specify Architecture T e Tie = MuLtiple[cLiont)
Define the architectural relation of }
the components of the distributed

system trait Client extends Peer {
type Tie = Single[Server]

§ ¥ Specify Placement e
Control where data is located and }
computations are executed

val ui = placed[Client] {
new UI
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Value on Peer

message

@ Registry )process message

-—

result
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