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1. Broad trend towards functional techniques
2. Handle increasing complexity

3. Familiar = "simple’

4. You're already sitting in the "polyglot and fringe” track @&
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« Some seemingly unrelated — but already familie
« Structured abstraction
« Technical prerequisites

+ The essence of the monadic style

« Common examples
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STRUCTUR

structure

/ 'strakt[ar /

1. A mode of building, construction, or organization; arrangement
of parts, elements, or constituents

e.g. a pyramidal structure.
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abstraction

/ aeb'straek [an /

1. Something that concentrates in itself the essential qualities of
anything more extensive or more general, or of several things;
ts essence.
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Semigroup Int
coneat a b = a £ Db

Semigroup
concat(a, b

Semigroup, for: Integer
cojlcatia. B GorE A

Number.prototype.concat =
this.valueOf() + num;
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Semigroup
concat(a, b

Semigroup, for: Integer
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Semigroup a
cOMEEIT a ->a ->a

Semigroup Int
coneat a b = a £ Db

Semigroup [a
concat xs ys = XS ++ ysS

Number.prototype.concat =
this.valueOf() + num;
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STRUCTURED ABSTRACTION
WE USE LOTS OF DI REN T ATURES DAILY
. Promises (AKA async/await) e i debiianae i
asynt/awa nextResult = doThing(result);
moreResult = nextFunc(nextResult):
- Network fdmall - moreFunc(moreResult);

. Database

+ Long computation
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» Long computation error
handleOrReport(error);

. throw/catch



STRUCTURED ABSTRACTION

WE USE LOTS OF DI REN T ATURES DAILY
. Promises (AKA async/await) Ak B JehiGiiall
asynt/awa nextResult = doThing(result);
moreResult = nextFunc(nextResult):
- Network fdmall - moreFunc(moreResult);

+ Database £00
console.trace(); explodingFunc();
+ Long computation error
bar handleOrReport(error);
. throw/catch console.trace();

« Tracing

bar( );
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result runProcess( );
nextResult doThing(result);

. Promises (AKA async/await)

moreResult nextFunc(nextResult):
- Network fdmall moreFunc(moreResult);

+ Database £00
console.trace(); explodingFunc();
+ Long computation error
bar handleOrReport(error);
. throw/catch console.trace();

« Tracing

bar( );

ThemeContext = React.createContext
themes.dark

+ Context or config values

theme = this.context;
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handleOrReport(error);

runProcess( );
oThing(result); foo
extFunc(nextResult); console.trace

oreFunc(moreResult);

prm——y
o
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bar

runProcess
console.trace();

.then(result =>
doThing(result).then(nextResult =>
nextFunc(nextResult).then(moreResult =>

moreFunc(moreResult);
bar




STRUCTURED ABSTRACTION -
SUT MAYBE NOT SO DIFFERENT ‘ St del

handleOrReport(error);

runProcess( );
oThing(result); foo
extFunc(nextResult); console.trace

oreFunc(moreResult);

prm——y
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amnnal
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bar

runProcess
,then(result => console.trace();

doThing(result).then(nextResult =>
nextFunc(nextResult).then(moreResult =>

moreFunc(moreResult);
bar
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runProcess( );
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bar
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console.trace();
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bar
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FRONT EFFECTS
SIDE CTS

« Implicit effects that happen “off to the side’

. Built into the language / platform
» Hard to inspect

« ..thus hard to change, compose, or test
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» Data Is simple

« Effects don't need to be separate: express effects as data
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FRONT EFFECTS
CITS-AS-DATA

» Data Is simple

« Effects don't need to be separate: express effects as data
« Write your own effects
« Inspect them as needed

+ Compose as needed
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Progress is possible only if we train ourselves to think about
programs without thinking of them as pieces of executable code
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Functor f
ARy B8 Gl =2 o)) 2 1F Bl =2 qF e
Functor
fmap f
BaPE il (OXE = QS X =

.map(funA).map(funB);
.map(x => funB(funA(x)

,3].map(a

fmap f Xxs

Functor.map

Euneton. For: sk
map : HURE ) co
MaEEIDxE = st Ellc

fine T Ox0) 1 mapioxds  Eiine

Array.prototype.map = func
AEeE = ;
1 = 0; 1 < this.length; 1++

acc.push(func(this[i]));

aCEr
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Functor.map

Functor f => Apply f
apply :: fa ->f (a->b) ->fb

Apply Array.prototype.apply = funs
apply Xs dCC = ;
el %8 (F A e map f xs ++ apply xs fs 1 = 0; 1 < funs.length; 1++
row = this.map(funs[i]);
acc.push(row);

Apply, for: List acc:
apply(_, , do: :
=l Vells, [Rime | s

map(vals, func) ++ apply(vals, fs
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Functor.map

Apply.apply

Functor f => Apply f
apply :: fa ->f (a->b) ->fb

Apply Array.prototype.apply = funs
apply Xs dCC = ;
el %8 (F A e map f xs ++ apply xs fs 1 = 0; 1 < funs.length; 1++
row = this.map(funs[i]);
acc.push(row);

Apply, for: List acc:
apply(_, , do: :
=l Vells, [Rime | s

map(vals, func) ++ apply(vals, fs
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THE FUNCTOR TOW Functor.map
APPLICATIVE | '

Apply.apply

Apply f => Applicative f
WEApP: &= & > &5

Applicative
wrap X = [X

Applicative
wrap(proxy, to_wrap

B

AKA return, pure, of, unit

APl catavie = Rons i sii:
wrap(_, to_wrap), do: |[to_wrap

Array.prototype.wrap = toWrap => |toWrap|;
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Functor.map

APPLICATIVE |
— Apply.apply
Apply f => Applicative f
wrap :: a -> f a ///////
il Applicative.wrap

WEapE X = |Dx

Applicative
wrap(proxy, to_wrap

B

AKA return, pure, of, unit

APl catavie = Rons i sii:
wrap(_, to_wrap), do: |[to_wrap

Array.prototype.wrap = toWrap => |toWrap|;
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THE FUNCTOR TOW Functor.map
CHAIN | '

Apply.apply

Applicative f => Chain f
bamds = e > (g > b)) >

Chailn

bind
bind (x : xs) chailner = chalner x ++ bind xs chailner Array.prototype.bind = chailner
Array.flat(this.map(chainer)); .

Eliaan fonr: sk 22

bind , chainer), do:
olpelE e || G, cislinEe
chailner(x) ++ bind(xs, chalner
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THE FUNCTOR TOW Functor.map
CHAIN | '

Apply.apply

Chain.bind

Applicative f => Chain f
bamds = e > (g > b)) >

Chailn

bind
bind (x : xs) chailner = chalner x ++ bind xs chailner Array.prototype.bind = chailner
Array.flat(this.map(chainer)); .

Eliaan fonr: sk 22

bind , chainer), do:
olpelE e || G, cislinEe
chailner(x) ++ bind(xs, chalner
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» Monads are the essence of Turing complete, effectual computation
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NOT GROUPED BY ACCIDENT
Call f(x) FUNCTION == RESULT
Functor map == RESULT(S)

eely (Y oPPl
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Chailn RESULT(S)
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STRUCTURED ABSTRACTION Aot
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result runProeess( );
nextResult deThing(result);
moreResult nextFunc(nextResult);
final moreFunc(moreResult);

console.trace();

bar

runProcess
console.trace();

.then(result =>
doThing(result).then(nextResult =>
nextFunc(nextResult).then(moreResult =>
moreFunc(moreResult);

bar( ).
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RAILROAD PROGRAMMING dangerousFun:

badFunc();

mightFai1lFunc();
error
handleOrReport(error);
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RAILROAD PROGRAMMING dangerousFun:

badFunc();

mightFai1lFunc();
error
handleOrReport(error);

Happy Path (Continue)

Crror Case (SKip)
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RAILROAD PROGRAMMING dangerousFun

badFunc();

mightFai1lfunc();
error
handleOrReport(error);

Happy Path (Continue)

—rror Case (SKip)
..................................................... B .

No Effect (Afterwards)




CITHER/RESULT R
RAILROAD PROGRAMMING dangerausFun

badFunc();

mightFai1lkunc();
error
handleOrReport(error);

Happy Path (Continue)

Crror Case (SKip)
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RAILROAD PROGRAMMING dangerausFun

badFunc(.);

mightFaxlkunc();
error
handleOrReport(error);

Happy Path (Continue)

Crror Case (SKip)
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RAILROAD PROGRAMMING dangerausFun

badFunc(.);

mightFaxlEunet );
error
handleOrReport(error);

Happy Path (Continue)

Crror Case (SKip)
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RAILROAD PROGRAMMING dangerausFun

badFunc(.);

mightFaLlEunet ) ;
error
handleOrReport(error);

Happy Path (Continue)

—rror Case (SKip)

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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mightFaLlEunet ) ;
error

Happy Path (Continue)

Crror Case (SKip)
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Result err value
= Ok value
BEEEOE 1L o

constructor(value this.value = value;

Error

Result constructor(err this.err = err;
aitype = ERron | Ok.t

Eleielo)e
gtype & S AERROIEY ce:  aiy
cerr

0]
atype t :: %0kivalue: any
:value
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INSTANCES

Result err value
= 0Ok value
| Error err

Functor (Result err value
fmap Error err) = Error err
fmap f (Ok value) = Ok (f value

Applicative (Result err value
wrap value = Ok value

Chain (Result err value
bind (Error err Error err
bind (Ok value iz f value

Result
ailpe e ErneE Ok

Error
atype t :: %Errorierr: any
cerr

0]
atype t :: %0Okivalue: any
:value

EllcEoR T o= ERnon
Mapfenrns s G o

Sllpleieoe s fenes (0]
map(%0kivalue: old _valuej, fun
%0kivalue: fun.(old _value

0] 4
constructor(value this.value = value;

map( fun Ok(fun(this.value));
wrap(value Ok(value);

bind(chainer
Ok(chainer(this.value));

= JS

constructor(err S OdiE 8 s

map( _ this;
wrap(value Ok(value);
bind( _ this;
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return(val), do: wrap(val

U S E gl il kil my throw(err do: %Errorierr: err
rem(num, 2 Y- e o :

%0kivalue: num even_or_err(num

evenOreErr :: Int -> Result NotEven Int rem(num, 2
evenOrErr num = %Errorierr: {:0dd, num returninum

rem num 2 ==
wrap num
Err (NotEven num

my_throw({:o0dd, num

%0kivalue: 42

Ok 42 >>= evenOrErr :
> bind(&even_or_err/2

>>= \num -> wrap (toString num

>>= shortOrErr > map(&to_string/1
> Slueide @ Eidie

e =2
even <- evenOrErr num
shortOrErr $ toString even evenOTrErr

- num % 2 === 0 : : Error([num, "not even"]);
shortOrErr . toString =<< evenOrerr 42

start =

start
.bind evenOrErr(num
oyl even.toString J

D ING SOEEOrErE (St ) )
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return(val), do: wrap(val

U S E gl il kil my throw(err do: %Errorierr: err
rem(num, 2 Y- e o :

%0kivalue: num even_or_err(num

evenOreErr :: Int -> Result NotEven Int rem(num, 2
evenOrErr num = %Errorierr: {:0dd, num returninum

rem num 2 ==
wrap num
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my_throw({:o0dd, num

%0kivalue: 42

Ok 42 >>= evenOrErr :
> bind(&even_or_err/2

>>= \num -> wrap (toString num
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INSPECTABLE, DATA-ORIENTED LOGGING



WRITE
MONAD i

console.trace( );

Il
AJ

bar
console.trace();.§

bar( ).;

foo




WRITE
|\A C)[\J/x :) foo

console.trace();

Il
AJ

bar
console.trace();

bar( ).;

LOg

Program



WRITE
|\A C)[\J/x :) foo

console.trace();

Il
AJ

bar
console.trace();

bar( ).;

. *
. *
* ¢ ‘
P ||| < ¢ ‘
* ¢ ‘
L 4 ¢ ‘
. *




WRITER
CARRIER DATA

Writer value log
= Writer (value, log

Writer
:value, :log

Writer
constructor(value, log = []
this.value value;

this.log log;




WRITER
INSTANCES

Functor, for: Writer
map(%Writer{writer: {value, log}}, fun
%Writerivalue: fun.(value), log: log

Appitrcainnye =N Wikuan
wrap(%Writer{writer: {_, log}}, value
%Writerivalue: value, log: empty(log

Chain, for: Writer

chain(%Writeri{value: old_value, log: old _logs, chailner

%Writer
value: new_value,
log: new_log
= chailner.(old_value

%Writerivalue: new_value, log: old_log <> new_log

Functor (Writer val log
map  (Wriker Teog val ] = Wekker (@G val ) iligo

Monoid log => Applicative (Writer log val
wrap val = Writer (value, empty

Semigroup log => Chailn (Writer log val
bind (Writer (oldval, oldLog =
Writer (newVal, concat oldLog newlLog

Writer (newVal, newLog) = f oldVal

Writer
constructor(value, log = []
this.value = value;
this.log = log;

map( func
this.value = func(this.value);

bind(chailner
newWriter = chainer(this.value);
this.value = newWriter.value;
this.log this.log.concat(newWriter.log);




W R | T E R half(num) tell = log => Writer(null, log);

half = num / 2
U S E half = num =>

: halved = num / 2;
%erter{ writer = Writer(halved);

Value: ha-l.f, writer

tell log = wrap o e
>x log: "#{num} / 2 = #{half}" SeeblC e 2 e enliEllE ]
halER MM = nime /e 2 =t il } hanaE => Writer(halved));
wrap (half, [show num ++ " / 2 = " ++ show half "

pRILE oL 2o el 2o igllT 42 logged =

| half(42
|> bind(&half/1) .bind(half
|> bind(&half/1) .bind(half);

Writer] logged.value;

value: 5.25, blLenL

log:
"42

g2l

10.
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READER
MON A




READE
MONAD
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ThemeContext = React.createContext
themes.dark

!

theme = this.context;

Context

Program



READER
MONAD

ThemeContext = React.createContext
themes.dark

!

theme = this.context;

Context

Program



CARRIER DATA

Reader env a
Reader runReader

Reader
atype t :: %Reader{reader: fun()}
struct :reader

Reader
constructor(reader
this.reader = reader;




Reader env a

= Reader runReader :: env -> a
READ ER Functor (Reader env a
INSTANCES

map f (Reader 1inner) =

Reader (\env -> f (inner env

Reader Applicative
atype t :: %Reader{reader: fun()}

Reader env a
wrap a = Reader
struct :reader

\e -> a

Chain (Reader env a
run(%Reader{reader: fun}, arg), do: fun.(arg) bind (Reader 1inner =

Reader (\env -> runReader (f (inner env)) env
Functor, for: Reader

Reader
: constructor(reader
map(%Reader{reader: inner}, fun) SR
. = ’

Reader. new( env -> env |> inner. |> fun.

wrap(value
Applicative, for: Reader
wrap(_, value)

Reader(env => value);
Reader.new(fn _ -> value )

run(env this.reader(env);
Chain, for: Reader

map( fun
bind(reader, chainer) Reader(env => fun(this.reader(env)));
?
%Reader{reader: env ->
reader
> Reader.run(env

bind(chailner
> chainer.
> Reader.run(env

Reader(env =>
} Reader.run(chainer(this.reader

);

env);
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ask = Reader (\env -> env

myFun =
run(%Reader{reader: fun}, env), do: fun.(env) ask >>= \env —>
ask(), do: Reader{reader: X = X } length env >>= count ->

"The env has " ++ show count ++ "elements"”
my_ fun()

ask() runReader [1,
|> bind(fn env -> Enum.count(env runReader [1,
|> bind( count ->

"The env has #{count} elements"

)

ask = Reader(a => a);
run(&myFun/0). myFun =

run(&myFun/0). ask.bind(env => env.length
.bind(count => “The env has ${count} elements’);

myFun.run
myFun.run
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ALOT OF POWER FOR A HANDFUL OF FUNCTIONS



T

https://fission.codes
https://tools.fission.codes

ANK YOU, MALMO

brooklyn@fission.codes
github.com/expede
@expede




