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We want more type of features over time.
As a result, complexity grows at an exponential rate.

How do you make Elixir code
more flexible and easier to reason about at scale”?

Do you think that the patterns we use today are
the best possible patterns for software?

How will you write code Iin 2020, 2025, and 20507
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async: true
_”ruﬁﬁﬁtigg

property do
check all list a <- list of
list b <- 1list of

list _c <- list_of

list a ++ list b
list a ++ (list b
ab ¢ == a bc
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+ Subroutines
» Loops

. Switch/branching

. Named routines
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= Meaning over mechanics
» More human than machine
. Safer!
v Spectrum

« Turing Tarpit

+ Church Chasm

» Haskell Fan Fiction
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YOU KEEP USING THAT WORD. &
| DO NOT THINK IT MEANS WHAT YOU THINK IT MEANS.
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« Probably pretty familiar with this

« Euphemism for
» Complicated
« Inconsistent
« No plan

» "Unstructured mess”
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COMPLECTING

Structures: 4
Results: effectively limitless
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ted: difficult to understand

» Complice
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1. Each step is very simple
2. Reasoning about dynamic organisms is hard

1. Remember to store your
data for crash recovery

2. Called collaborator may not be there
3. Complexity grows faster than linear

4. Find common factors — your abstraction
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R Lactate
A t
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1. Each step is very simple & VDT NADH
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PykA Pyruvate aceEF
Cyt @ 2 NAD*
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a KA / ® adhE
¢ Ethanol

2. Reasoning about dynamic organisms is hard

Acetate

1. Remember to store your

Oxaloacetate

data for crash recovery ?/v

Acetyl-CoA

Malate
2. Called collaborator may not be there / '\g By B~
fumABC
Fumarate Glyoxylate aceA aanX
3. Complexity grows faster than linear o sacirate
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» Please add some semantics!

. Don't reinvent the wheel every time *
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db, value), do: Map.get(db, value, :not_found
db, key, value), do: Map.put(db, key, value
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ASYNC CASE — BASE LAYER

lefmodule ProcDB ¢
use Agent

:pid

r

starter), do: Agent.start link(fn -> starter end

def pid, key) dc
Agent.get pid, fn state -> KeyValue.get(state, key) end

en L

def pid, key, value) do
Ag@nt update(pid, fn state -> KeyValue.set(state, key, value)
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ASYNC CASE — IMPLEMENTATION

%ProcDB{pid: pid}, key), do: ProcDB.get(pid, key
%ProcDBipid: pid};, key, value), do: ProcDB.set(pid, key, value
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: Common interface
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» Encapsulate the detall
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+ They clearly have a similar structure

» NOT equally expressive

 Enumerable

« Always converted to List

 Witchcraft.Functor
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COMMONALITIES

» Different, but also have similar structure

+ Not very pipeable because 2 paths

» ..lots of duplicate code

« Why limit to only to two ways?
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. Describe what the overall solution looks like

« Choose how it gets run contextually
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. Ban

g-functions
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SACK KEY S

def get(map, key, default \\ nil

« Orthogonality Is at the heart of composition
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« Composition is at the heart of modularity
def get(map, key, sGefaaie -\ il

+ Orthogonality Is at the heart of COMPOSItioN W RTINSy

» Let's abstract default values! def fallback(nil, default), do: default
def fallback(val, : : value

%$sa: 1% |> Map.get(: |> fallback(L
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« Composition is at the heart of modularity

def get(map, key, sdefaait"\X

 Orthogonality is at the heart of composition [ > Map.get
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- Let's abstract default values! def fallback , default), . default
def fallback(val, : : value

%sa: |> Map.get(: |> fallback

|> List.first |> fallback
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« Composition is at the heart of modularity
def get(map, key, “Gefaait (™

 Orthogonality is at the heart of composition [ > Map.get
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» Let's abstract default values! dof fallback  default) do: default
def fallback(val, : : value

+ More focused (does one thing) %$a: 11 |> Map.get |> fallback

|> List.first |> fallback
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IMPROVING Kernel — FALLBACK KEYS

« Composition is at the heart of modularity
def get(map, key, “Gefaait (™

 Orthogonality is at the heart of composition [ > Map.get

o ’ ‘

. Let's abstract default values! def £allback default e
def fallback(val, : : value
» More focused (does one thing) wsa: 13 |> Map.get(:b) |>(£aliback

« More general (works everywhere)

|> List.first |> fallback

» Ad hoc function extension
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use Exceptional

~UNCTIONS

error = [SafeMap.fetch(%fa: 1%, :

'\gensure! X
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Abstracted out
foo!/* from foo/*

SANG

o Jd Map.fetch! (%{a: 13}, :

use Exceptional

~UNCTIONS

error = [SafeMap.fetch(%{a:

'\gensure! X

value = SafeMap.fetch(%{a:

MValue ~> (&(&1 + 1)

”error ~> (&(&1 + 1)
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o J Map.fetch! (%{a: 13}, :

use Exceptional

error = [SafeMap.fetch(%{a:

Abstracted out
foo!/* from foo/*

¥ 4 ensure! (x
value = SafeMap.fetch(%{a:
~> (&(&1 + 1)
~> (&(&1 + 1)

>>> (&(&1 + 1)
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use Exceptional

error

value

~UNCTIONS

= SafeMap. fetch(%fa: 1

'\aensure! X

= SafeMap.fetch(%fa: .

~> (&(&1 + 1)
~> (&(&1 + 1)

>>> (&(&1 + 1)

Works everywhere
Any data

Any error struct

Any flow (esp. pipes)
Super easy to test
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IMPROVING Kernel —

SANG

9 dMap.fetch!(%fa: 13, :

use Exceptional

~UNCTIONS

error = SafeMap.fetch(%fa: 1

Abstracted out
foo!/* from foo/*

'\aensure! X

value = SafeMap.fetch(%fa: .

~> (&(&1 + 1)
~> (&(&1 + 1)

>>> (&(&1 + 1)

Works everywhere
Any data

Any error struct

Any flow (esp. pipes)
Super easy to test

BONUS
Disambiguate
between nil value
and actual errors
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. Kernel. |>/2

. Consistent flow metaphor / punning on existing metaphor

. Exceptional: ~>/2 and >>>/2

\> hypothetical_returns_exception

>22 6N X -> X +
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» Concept: Flow-ability is very core to Elixir's ethos

. Kernel. |>/2

« Consistent flow metaphor / punning on existing metaphor

. Exceptional: ~>/2 and >>>/2

> hypothetical returns_exception
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ABSTRACTION & DSLS
WHAT S GAINED?

« Clear
» Composable

. Greater reuse ¢#

.« User choice
 Increased testability
« Simple example: is_exception?/1

» Could still add protocol to get even more power
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connmn
1. Your code read like a story : > route
> parse
2. We even see this in high-level goals of (e.g.) Phoenix I s model

3. Go make some DSLs! I > view
| > render
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HOW TO EAT TH

S HANT

« By feature?

« By behaviour?

. By structure / properties!
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« A structure of structures

« Keep It In your brain

+ Enforce with TypeClass
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 Parallel pipes

» Concurrency = partial order

« Monotonic

« All loops must be linearized

« Properties

« Serial composition

« Parallel composition

+ Explicit evaluation strategy




POWER UP
DI PES++

X Y
VY

I\

SN

i
(Xoy)oz



POWER UP
DI PES++

X Y
VY

)w
X o
V(Y

AN
(Xoy)oz




POWER UP

X oy
YWY

Mb
X o
VY

AN
(Xoy)oz

|
|
fn z -> z end) |




POWER UP
DI PES++

X Y
VY

Mb
X o
VY

AN
(Xoy)oz

|
|
fn z -> z end) |




POW

R UP
AN U




D OW

AN U

fn x -> x / 5 end

fny ->y +

—

[

fn z -> 7z end

unsplit

unsplit

a, b) ->

i tr __ N '- -_:  .adl 82 y

round(&1
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split: |
left: fn x -> x / 5 end,
right: ‘
node: fny -> vy + 1 end,
left:
node:
left:
right : FBERNZE=SNZNahd

with: fn (left, right) ->

with: &§String.at(§2, round(&1))
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node:

left:
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right:w
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1nput

value: 1nput
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value: combine(
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« Higher semantic density (focused on meaning not mechanics)

. Declarative, configurable data flow &

« Extremely extensible
« defimpl Dataflow, for: 3Stream{}
» defimpl Dataflow, for: 3Distributed{}

» defimpl Dataflow, for: $Broadway{}

» Model-testable

+ Composable with other pipes and change evaluation stra

tegies
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A CALL FOR LIBRARIE
SUMMARY

. Can plug into / extend
« Single-threaded context
« Distributed context

« Dynamic hybrid contexts
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A CALL FOR LIBRARIE [ exploding
EXTEND RAILROAD PROGRAMMING et

bad

mightfail

err ->_handleOrReport(err

Happy Path (Continue)

—rror Case (SKip)
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A CALL FOR LIBRARIES
OURPRISING NUMBER OF FACTORS ek s a(fn >

[ask.async

I0.1inspect(val)

= fn (inner_val) ->
Task.async(fn ->
I0.1nspect(1inner_val

bar(val +

Program
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1. Protocols-for-DDD (P4D3)

2. Add a semantic layer

3. How do you locally test your distributed system? Look at the properties!

4. Under which conditions does your code work? What are your assumptions?

5. Prop testing is useful for structured abstractions

6. You should be able to code half-asleep



https://fission.codes
https://talk.fission.codes
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REWRITING A PHOENIX APP
THE PROBLEM

« Inherited project

« First go at Phoenix

« "We don't believe in tests”
. Very brittle, many bugs &
« Now tight deadline — no time to do a total rewrite

» ..Or was there? @&
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REWRITING A PHOENIX APP
SIRATEGY: GENERALIZATION!

» Deescalate

« Running code
» Get to "net new” features

« Two things that people don't generally associate with abstraction!
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REWRITING A PHOENIX APP
THE (TEMPORARY) SOLUTION

defvertical :users, excluding: [:delete
lef conn, dc

User.changeset(room_params
|> User.Repo.update
|> render
| >

:ok, user;y ->

conn

|> put_flash(:1info,

|> redirect(to: user_path(conn, :show, user)

cerror, %Ecto.Changeset{i} changeset; ->
render(conn,
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ser.changeset(room _params
QQTTJEQDQ.Update

|> render

>

:ok, user;y ->

conn

|> put_flash(:1info,

|> redirect(to: user_path(conn, :show, user)

[ 1

cerror, %Ecto.Changeseti; = changeset; ->
render(conn,
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|> User.changeset(room_params
|> L?@r,ﬂépm.update

|> render

| >

:ok, user;y ->

conn

|> put_flash(:1info,

|> redirect(to: user_path(conn, :show, user)

cerror, %Ecto.Changeset{} = changeset} ->
render(conn,




REWRITING A PHOENIX APP
THE (TEMPORARY) SOLUTION

» Generate all of MVVVC

J  Compile-time
|> User.changeset(room_params functions

|> User.Repo.update
|> render

5 case  Incl, validation

:ok, user;y ->
conn

|> put_flash(:info, . Spend 90% time on

|> redirect(to: user_path(conn, :show, user)

Macro

cerror, %Ecto.Changeset{} = changeset} ->

render(conn, : Write

 [est!
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TRADEOFFS

defvertical :users, excluding: [:delete
lef conn, dc

.changeset(room_params
|> User.Repo.update
|> render
| >

:ok, user;y ->

conn

|> put_flash(:1info,

|> redirect(to: user_path(conn, :show, user)

cerror, %Ecto.Changeset{i} changeset; ->
render(conn,




REWRITING A PHOENIX APP
TRADEOFFS

defmodule WebApp.Vertical.User do
use Vertical.Slice

Implement very fast
defvertical :users, excluding: [:delete
def conn, do

conn

|> User.changeset(room_params

|> User.Repo.update

|> render

|> rase dc

Flexible

Makes a lot of assumptions

:o0k, user;y ->

conn

|> put_flash(:1info, o
|> redirect(to: user path(conn, :show, user) » Difficult to read, extend, &c

Macro magic

cerror, %Ecto.Changeset{} = changeset} -> . ,
render(conn, « Low-level implementation

« The macro swamp
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.changeset(room_params
|> User.Repo.update
|> render
| >

:ok, user;y ->
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REWRITING A PHOENIX APP
TRADEOFFS

defmodule WebApp.Vertical.User do
use Vertical.Slice

defvertical :users, excluding: [:delete
def conn, do
conn
|> User.changeset(room_params

> render(rupduto.t . Straightforward: MVVC!

> case dc

ok, >
conn » Encode patterns

|> put_flash(:info, d tt : d P
|> redirect(to: user_path(conn, :show, user) IrecC V N code &=

cerror, %Ecto.Changeset{} = changeset} ->
render(conn,
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CRDT CASE STUDY
SCENARIO

« Distributed / uncontrolled topology
+ Eventual consistency 9 9

+ High resilience

« Infinite(ish) time tolerance

. Decentralized (e.g. via gossip) 9

+ Self-healing

. Two variants

+ State-based 9
. Operation-based ¥
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. TWO sets

. |[ncrements

: Decrements

. Operations

. Internal

= STUDY
COSITIV

. [Increment

: Decrement

» Compare

. External

» Merge

» Query
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CRDT CASE STUDY
BASIC: POSITIVE/NEGATIVE COUNTER

. TWO sets
. Increments
» Challenges
. Decrements
. Operations « Negative counts
: Int |
e » Double deletes
. Increment
. Decrement " SO[UUOHS
- bompare . Only delete existing items
. External
. Merge « Commutativity

» Query



®

RDT CASE

- STU

DY
-MOV

addﬁv {ao) nnv(d)

{

Gdd(GB) {GB}

—0—>

add(ag)
___g,——
cmm@ rmvmw

add(ag)

{ag}

{ag, aa}

{GB}



CRDT CASE STU

DY

OBSERVE/R

» TWO sub-sets
» Add
» Remove
» Operations
» Internal
» Add
» Remove
» Compare
» Tag
+ External
» Merge — semigroup

» Query

-MOV

0 add(a) {g,} rmv (a) 0 add(ap) {ap)
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CRDT CASE STU
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OBSERVE/R
» Two sub-sets

» Add

» Remove

» Operations

. Internal

Add

Remove

Compare
» Tag
« External
» Merge — semigroup

» Query

-MOV

0 add(a) {g,) rmv (a) n add(ap) g

o O —>0—>
o add(ap)
—O= >
\ dd(aw) rmv (do)
+ Challenges © (0 o

add(ap) ag ag, du ag

» Add-after-remov._
- Unique tags vs re-add
» Can only delete what you know about

. But deleting an unknown element is the same as a no-
op, so great!

» Remove has priority over add
- Wall clock timestamps are unreliable

+ Need monotonically increasing structure

. Solutions

. Only delete existing items

» Commutativity

- Protocols

» Collectable
- Enumerable
» Semigroup (merge) -> Commutative (CRDT)

- "Meet semilattice”
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WHAT EVEN IS ELIXIR?
SIRUCTURAL INTEGRITY

¢ Production Elixir can actually be pretty unstructured

« Imperative « Functional

. Lots of ambient state » Well-defined structured functions

(map, filter, reduce)
« Spread across processes

| o » Immutable references
 Ordering & timing bugs
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+ Nalve structure can be rigid!
« Composition

« Orthogonality

Credit: psihedelisto
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Data dominates. If you've chosen the right data structures and
organized things well, the algorithms will almost always be self-
evident. Data structures, not algorithms, are central to

programming.
o)

~ROB PIKE, 5 RULES OF PROGRAMMING
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