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Dynamic Graphs

Infinite Signals

Asynchronous
Data Flow
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Arrowized FRP
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First-order FRP

"How it works in Elm"

Core Design

- Signals are connected to the world
- Signals are infinite Signal Graphs
- Signal graphs are static

- Synchronous by default

Benefits in Elm
- Efficiency
- Architecture
» Hot-swapping
\ - Time-travel debugging
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Signal Graphs

Transformations
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Transformations

map : (a -> b) -> Signal a -> Signal b

—8——1r—1—0 Space S—T—R

map isConsonant Keyboard.presses
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State

/ "fold from the past"

foldp : (a -> b ->Db) -> b -> Signal a -> Signal b

|—H—E—L—L—0

foldp (\key count -> count + 1) 0 Keyboard.presses

—00-000 6 000




Merge

merge : Signal a -> Signal a -> Signal a

map2 : (a -> b -> c) -> Signal a -> Signal b -> Signal c
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What happens if
signal graphs can be
reconfigured?

First-order FRP

"How it works in Elm"

Core Design )

- Signals are connected to the world ) ',/ \

= Signals are infinite Signal Graphs -~ \ wee

- Signal graphs are static o |
- Synchronous by default El \
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Benefits in Elm b

- Efficiency

- Architecture
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Pursuing Reconfigurable Graphs

Arrowized FRP

Core Design

Higher-order FRP

Core Design
+ Sigrals are connected to the world

+ Signals ane infinite ﬂ,/f

. Synl:hm;nws by default

join : Signal (Signal a) -> Signal a
Asynchronous
Data Flow

! Bignal (Sigmal a) -> Sigral a

Neither!

Infinite Signals

Finite Event Streams



Higher-order FA

Core Design |

vy
- Signals are connected to the world
- Signals are infinite /
 Sicaal | .
- Synchronous by default |

\ join : Signal (Signal a) -> Signal a
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Example

clicksOrZero : Bool -> Signal Int
clicksOrZero clicks =
1f clicks
then count Mouse.clicks
else constant 0



Problem
!

Solution
!



Higher-order FRP

Core Design

+ Signals are connected to the world
- Signals are infinite /
—Slgnalemaphearestatc—

+ Synchronous by default

join Signal (Signal a) -> Signal a

Exam ple Problem
o

Solution

then count Mouse.clicks



Asynchronous
Data Flow

Core DESIgn clickCount : Signal Int
clickCount = _
- Signals are connected to the world SIS =M ol oot
« Si . clicksOrZero : Bool -> Signal Int
clicksOrZero clicks =
—— SRRSOy — if clicks

then count Mouse.clicks
else constant ©

flatten : Signal (Signal a) -> Signal a

Reactive Extensions
ReactiveCocoa
Bacon.js




Asynchronous
Data Flow

Core DeSign clickCount : Signal Int

clickCount =
count Mouse.clicks

clicksOrzZero : Bool -> Signal Int

clicksOrZero clicks =

1T clicks
then count Mouse.clicks
else constant 0

flatten : Signal (Signal a) -> Signal a



clickCount : Signal Int
clickCount =
count Mouse.clicks

clicksOrZero : Bool -> Signal Int
clicksOrZero clicks =
1f clicks
then count Mouse.clicks
else constant 0



Asynchronous
Data Flow

Core DESIgn clickCount : Signal Int
clickCount = _
- Signals are connected to the world SIS =M ol oot
« Si . clicksOrZero : Bool -> Signal Int
clicksOrZero clicks =
—— SRRSOy — if clicks

then count Mouse.clicks
else constant ©
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Arrowized FRP

Core Design
; Dynamic
C “ [ count
- Signals are infinite e -

(;IUﬂnl rrr'nr-\kr afe-stalie
Synchronous by default n

Basic API

-= pb) -> Automaton a b

pure ; (a

state : 5 -> (a -» 5§ ->» 5) -> Automaton a s

(>>>) : Automaton a b -> Automaton b ¢ -> Automaton a c

Examples

plusl : Automaton Int Int
plusil = pure (sn -=n + 1)

count : Automaton a Int
count = state @ (\a total -> total + 1)

plus2 : Automaton Int Int
plus2 = plusl ==> plusl

Haskell:
Elm:
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Basic API

pure : (a -> b) -> Automaton a b

state : s -> (a -> s -> s) -> Automaton a s

(>>>) : Automaton a b -> Automaton b ¢ -> Automaton a c

Examples

plusl : Automaton Int Int
plusl = pure (\n ->n + 1)

count : Automaton a Int
count state 0 (\a total -> total + 1)

plus2 : Automaton Int Int
plus2 plusl >>> plusi
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Collections

count

count



Arrowized FRP

Core Design
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Elm in Practice

Functional HTML Emergent Architecture

Basic Usage

type Model

vEaedil

text : String -= Html update : Action -> Model -> Model

div : List attribute == List Htal -2 HEml

span ! List Attrigute -» List Himl -» Heml Performance Optimization view : Model -> Html

ing : List Attribute -> List Html -> HEml

https:/github rom/evancz /elm-architecture-tutorial/

Learning / Accessibility

in education in the wild

« KU Leuven
+ UChicago
« McMaster



text

div
span

img

Functional HTML

String -> Html

List Attribute

List Attribute
List Attribute

-> List Html

-> List Html
-> List Html

TodoMVC Benchmark

Backbone 951
Ember 2191
Angular 1713
React 1381
Om 685
Mercury 262

Elm 399

0 600 1,200 1,800 2,400

Average time in milliseconds over 16 runs (lower is better)

-> Html
-> Html

-> Html ad .. E’K

view twitter view twitter

div [] div [1
[ TopBar.view twitter. top [ lazy TopBar.view twitter.top
SideBar.view twitter.side ; lazy SideBar.view twitter.side
o Tweets.view twitter. feed » lazy Tweets.view twitter.feed
" ' .
] ]
SideBar view : SideBar Model —= Heml TopBar.view : TopBar.Model —= Hel

1aZy . (a —_ HL-»- |) -> g —> |_"_|"'|._



text

div :

span

img

Basic Usage

String -> Html

List Attribute -> List Html

List Attribute -> List Html
List Attribute -> List Html

-> Html

-> Html
-> Html



Performance Optimization
view : Twitter -> Html % view : Twitter —> Html

view twitter = view twitter =
div [] div []

[ TopBar.view twitter.top [ lazy TopBar.view twitter.top
, SideBar.view twitter.side lazy SideBar.view twitter.side

Tweets.view twitter. feed lazy Tweets.view twitter. feed

e o

SideBar.view : SideBar.Model —> Html TopBar.view : TopBar.Model —> Html

lazy : (a —> Html) —> a —> Html

http: m-lang.or Blazing-Fast-Html.elm
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Emergent Architecture

Actions are sent back Our Elm Pr‘ogram
to our Elm program M 0O d e l
along channels Dur typical Elm architecture goes in here:
We get an Action from the world.
A + Use it to update our Model.

» Use our view function to describe
how they should be displayed.

: update : Action -> Model -> Model
v

Elm figures out how
T T to render your
Html efficiently

5 view : Model -> Html
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