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"Simplicity is
prerequisite for ratiabiti&v."

-Edsger W. Dijkstra
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A si;mtpte scraper

def authenticate(username: String, password: String): AsyncEffect[Token] = ...

Authentication
| def scrapePage(url: String, token: Token): AsyncEffect[PageContent] = ...
$ def mergePages(pages: List[PageContent]): AsyncEffect[Result] = ...
8. authenticate("tdc”, “2019").flatMap { token =>
First tage scrapePage(‘pagel”, token).flatMap { firstPage =>
| scrapePage('page2’, token ).flatMap { secondPage =>
* mergePages(List(firstPage, secondPage))

}
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A si;mtpte scraper

def authenticate(username: String, password: String): AsyncEffect[Token] = ...

Authentication
| def scrapePage(url: String, token: Token): AsyncEffect[PageContent] = ...
$ def mergePages(pages: List[PageContent]): AsyncEffect[Result] = ...
8. authenticate("tdc”, “2019").flatMap { token =>
First tage scrapePage(‘pagel”, token).flatMap { firstPage =>
| scrapePage('page2’, token ).flatMap { secondPage =>
* mergePages(List(firstPage, secondPage))
}
}
Second Page
{o] |
| token <- authenticate("tdc”, "2019")
$ firstPage <- scrapePage("pagel’, token)
| secondPage <- scrapePage( page2’, token)

result <- mergePages(List(firstPage, secondPage))

Resulk } yield result
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Effects

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(url: String, token: Token): AsyncEffect[PageContent]

def mergePages(pages: List[PageContent]): AsyncEffect[Resuli]

authenticate('tdc”, "2019").flatMap { token =>
scrapePage('pagel’, token).flatMap { firstPage =>
scrapePage('page2’, token ).flatMap { secondPage =>
mergePages(List(firstPage, secondPage))
}
}
}

for {
token <- authenticate("tdc”, "2019")
firstPage <- scrapePage("pagel’, token)
secondPage <- scrapePage('page2’, token)
result <- mergePages(List(firstPage, secondPage))
} yield result



£SE Promise

def authenticate(username: String, password: String): Promise[Token]
def scrapePage(url: String, token: Token): Promise[PageContent]

def mergePages(pages: List[PageContent]): Promise[Result]

authenticate('tdc”, “2019").then { token =>
scrapePage('pagel’, token).then { firstPage =>
scrapePage('page2’, token ).then { secondPage =>
mergePages(List(firstPage, secondPage))
}
}
}

for {
token <- authenticate("tdc”, "2019")
firstPage <- scrapePage("pagel’, token)
secondPage <- scrapePage('page2’, token)
result <- mergePages(List(firstPage, secondPage))
} yield result



Scala Promise (a.¢.a Future)

def authenticate(username: String, password: String): Future[Token]
def scrapePage(url: String, token: Token): Future[PageContent]

def mergePages(pages: List[PageContent]): Future[Resuli]

authenticate('tdc”, “2019").flatMap { token =>
scrapePage('pagel’, token).flatMap { firstPage =>
scrapePage('page2’, token ).flatMap { secondPage =>
mergePages(List(firstPage, secondPage))
}
}
}

{o] |
token <- authenticate("tdc”, "2019")
firstPage <- scrapePage("pagel’, token)
secondPage <- scrapePage('page2’, token)
result <- mergePages(List(firstPage, secondPage))
} yield result



Kx Scala

def authenticate(username: String, password: String): Observable[Token]
def scrapePage(url: String, token: Token): Observable[PageContent]

def mergePages(pages: List[PageContent]): Observable[Result]

authenticate('tdc”, “2019").flatMap { token =>
scrapePage('pagel’, token).flatMap { firstPage =>
scrapePage('page2’, token ).flatMap { secondPage =>
mergePages(List(firstPage, secondPage))
}
}
}

for {
token <- authenticate("tdc”, "2019")
firstPage <- scrapePage("pagel’, token)
secondPage <- scrapePage('page2’, token)
result <- mergePages(List(firstPage, secondPage))
} yield result



Java /Koblin Reactor Mone

def authenticate(username: String, password: String): Mono<Token>
def scrapePage(url: String, token: Token): Mono<PageContent>

def mergePages(pages: List[PageContent]): Mono<Result>

authenticate('tdc”, “2019").flatMap { token =>
scrapePage('pagel’, token).flatMap { firstPage =>
scrapePage('page2’, token ).flatMap { secondPage =>
mergePages(List(firstPage, secondPage))
}
}
}

{o] |
token <- authenticate("tdc”, "2019")
firstPage <- scrapePage("pagel’, token)
secondPage <- scrapePage('page2’, token)
result <- mergePages(List(firstPage, secondPage))
} yield result



Scala cabs—effect 10 (Fibers)

def authenticate(username: String, password: String): |0[Token]
def scrapePage(url: String, token: Token): I0[PageContent]

def mergePages(pages: List[PageContent]): IO[Resuli]

authenticate('tdc”, “2019").flatMap { token =>
scrapePage('pagel’, token).flatMap { firstPage =>
scrapePage('page2’, token ).flatMap { secondPage =>
mergePages(List(firstPage, secondPage))
}
}
}

{o] |
token <- authenticate("tdc”, "2019")
firstPage <- scrapePage("pagel’, token)
secondPage <- scrapePage('page2’, token)
result <- mergePages(List(firstPage, secondPage))
} yield result



Scala 210 (Fibers)

def authenticate(username: String, password: String): ZIO[R, E, Token]
def scrapePage(url: String, token: Token): ZIO[R, E, PageContent]

def mergePages(pages: List[PageContent]): ZIO[R, E, Resuli]

authenticate('tdc”, “2019").flatMap { token =>
scrapePage('pagel’, token).flatMap { firstPage =>
scrapePage('page2’, token ).flatMap { secondPage =>
mergePages(List(firstPage, secondPage))
}
}
}

for {
token <- authenticate("tdc”, "2019")
firstPage <- scrapePage("pagel’, token)
secondPage <- scrapePage('page2’, token)
result <- mergePages(List(firstPage, secondPage))
} yield result



Haskkell 10
Haskell Mvar
Haslkeell STM

Scala ZI0 STM
Scala ZI0 Ref
Scala ZI0 Skream
Scala Twitter Future

Scala Mownix
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Parallelizing the scraper

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(url: String, token: Token): AsyncEffect[PageContent]

def mergePages(pages: Lisi[PageContent]): AsyncEffect[Resuli]



Parallelizing the scraper

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(url: String, token: Token): AsyncEffect[PageContent]

def mergePages(pages: Lisi[PageContent]): AsyncEffect[Resuli]

authenticate('tdc”, "2019").flatMap { token =>
(scrapePage('pagel’, token) zip scrapePage(‘'page2”, token))
flatMap { tuple =>
mergePages(tuple.productiterator.toList)
}
}



Parallelizing the scraper

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(url: String, token: Token): AsyncEffect[PageContent]

def mergePages(pages: Lisi[PageContent]): AsyncEffect[Resuli]

authenticate('tdc”, "2019").flatMap { token =>
(scrapePage('pagel’, token) zip scrapePage(‘'page2”, token))
flatMap { tuple =>
mergePages(tuple.productiterator.toList)
}
}

{o] |
token <- authenticate("tdc”, "2019")
tuple <- scrapePage(‘pagel’, token) zip scrapePage( page2’, token)
result <- mergePages(tuple.productlterator.toList)

} yield result
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Massive Parallelism
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High Tkraugkpuﬁ through Parallelism

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(token: Token)(url: String): AsyncEffect[PageContent]

def mergePages(pages: Lisi[PageContent]): AsyncEffect[Resuli]



High Tkraugkpuﬁ through Parallelism

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(token: Token)(url: String): AsyncEffect[PageContent]

def mergePages(pages: Lisi[PageContent]): AsyncEffect[Resuli]

val urls: List[String] = ... // 1000 Urls



High Tkraugkpuﬁ through Parallelism

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(token: Token)(url: String): AsyncEffect[PageContent]

def mergePages(pages: Lisi[PageContent]): AsyncEffect[Resuli]
val urls: List[String] = ... // 1000 Urls

authenticate("tdc”, "2019").flatMap { token =>
AsyncEffect
traverse(urls)(scrapePage(token))
flatMap { list : List[PageContent] =>
mergePages(list)
}
}



High Tkraugkpuﬁ through Parallelism

def authenticate(username: String, password: String): AsyncEffect[Token]
def scrapePage(token: Token)(url: String): AsyncEffect[PageContent]

def mergePages(pages: Lisi[PageContent]): AsyncEffect[Resuli]
val urls: List[String] = ... // 1000 Urls

authenticate("tdc”, "2019").flatMap { token =>
AsyncEffect
traverse(urls)(scrapePage(token))
flatMap { list : List[PageContent] =>
mergePages(list)
}
}

{o]
token <- authenticate("tdc”, "2019")
list <- AsyncEffect.traverse(urls)(scrapePage(token))
result <- mergePages(list)

} yield result
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Imper&&ve Evaluakion
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)

l expr{l0, 20, 30)
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(10 + 30) + (b + &) + (a + b
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Imper&&ve Evaluakion
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)

l expr(10, 20, 20)
+

(10 + 30) + (b + &) + (a + b
,&,

[ 40 + (20 + 30) + (o + b)
¥

40 + £0 + (a + b)
&
40 + 80 + (10 + 20)
+
40 + £§0 + 30

4,.
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A-Calculus Evaluation
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)

expr{lo, 20, 30)

¥
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A-Calculus Evaluation
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)

expr{lo, 20, 30)

v
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+
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A-Calculus Evaluation
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)

expr{lo, 20, 30)

v
Aabe = (a + &) + (b + ) + (a + D)
+
Alobe = (10 + ) + (b + ) + (10 + D)
# <
AloRoe = (10 + ¢) + (R0 + ) + (10 + 20)
v
Alooc = (10 + ) + (20 + ¢) + 30
+
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A-Calculus Evaluation
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)
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A-Calculus Evaluation
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)
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v

A 1OR030 = 80 + 40 + 30




A-Calculus Evaluation
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)
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A-Calculus Evaluation
def expr(a: Int, b: Int, c: Int): Int=@+c)+(b+c)+ @+ b)

v
A.102030 = (10 + 30) + (20 + 30) + 30
v
_A\102030 = §0 + 40 + 30

+

A 1OROZ30 = 120
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expr{lo, 20, 30)

v
(1o + 30) + (b + &) + (a + b)
v
40 + (20 + 20Y) + {a + b)
v
40 + 50 + (a + b)
*
40 + 50 + (10 + 20)
v
40 + £§0 + 30
,#,

120




Impera&ve

expr{lo, 20, 30)

v
(1o + 30) + (b + &) + (a + b)
v
40 + (20 + 20Y) + {a + b)
v
40 + 50 + (a + b)
*
40 + 50 + (10 + 20)
v
40 + £§0 + 30
,#,

120

ACalculus



Impera&ve

ACalculus

expr{lo, 20, 30)

expr{lo, 20, 30)

v
(1o + 30) + (b + &) + (a + b)
v
40 + (20 + 20Y) + {a + b)
v
40 + 50 + (a + b)
*
40 + 50 + (10 + 20)
v
40 + £§0 + 30
,#,

120




Impera&&ve A-Caleculus

expr(lo, 20, 30) l expr(1o, 20, 30)
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In functional programming,
EVERY THING is an EXPRESSION,
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Mownoids

trait Monoid[A] {
def mappend(x: A, y: A): A
def mempty: A
}
1+2+3) =(1+2)+3

1+0=1+0

3*(2*3) =(3*2)*3
3 e






Mownoids

trait Monoid[Expr] {
def <>(x: Expr, y: Expr): Expr
def mempty: id

}
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Mownoids

trait Monoid[Expr] {
def <>(x: Expr, y: Expr): Expr
def mempty: id

}

Expr <> Expr <> Expr <> Expr <> Expr
Expr <> R <> Expr <> R <> Expr
R<>R<>Expr<>R<>R
RR <> R <>RR
RRR <> RR
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Functors

trait Functor[F[ 1] {
def mapl[A, Bl(fa: F[AD(f: A => B): F[B]
}

def toB(a: A) B="

val fb: F[B] = F[A].map(toB)
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Functors

toString

W\ 1"




Functors

toString
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Appiiaa&&ve Fulctors

trait Applicative[F[_]] extends Functor[F] {
def product[A, Bl(fa: F[A] fb: F[B]): FI(A, B)]
def pure[Al(a: A): FIA]

}



Apptiaaﬁive Fulctors

trait Applicative[F[_]] extends Functor[F] {
def product[A, Bl(fa: F[A] fb: F[B]): FI(A, B)]
def pure[Al(a: A): FIA]

}

val liftedint: F[Int] = F.pure(1)
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Apptiaaﬁve Fulctors

trait Applicative[F[ 1] extends Functor[F] {
def product[A, Bl(fa: F[A], fb: F[B): F[(A, B)]
def pure[Al(a: A): FIA]

}

val liftedint: F[Int] = F.pure(1)
val liftedString: F[String] = F.pure("a’)
val res: F[(Int,String)] = Fproduct(liftedint, liftedString)
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}

val liftedInt: F[Int] = F.return(1)
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}

val liftedInt: F[Int] = F.return(1)

val liftedString: F[String] = liftedInt.flatMap(a => F.return(a.toString))
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7 Inkutkbion

Dependency flatMap

Parallelism aip/'&raverse Appiiﬂa&ves



Conclusion

While FP is about composition,
Parallelism is about evaluation,
Through the composition of

wikh Appi&a‘:‘a&ves

it's possible to achieve: Simple, reliable
and

Comaurrewﬁj and Parallelism.



Thalke jc:-u,! S

Quesktions?



