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This Week

More Advanced Elixir:

* Enum & Stream
 Control flow, keyword lists
* List comprehensions
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Let’s Get Started!
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Enum
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Enum

A set of algorithms for enumeration over enumerables!

Enum applies functions to lists in various ways. We will see a few:

Enum.all?

# Entire collection must evaluate to true for a given condition
Enum.any?

# Any value in the collection must evaluate true
Enum.map

# Apply a function to every element in the collection

More: https://elixirschool.com/en/lessons/basics/enum/
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Enum.all?

Entire collection must evaluate to true for a given condition

Q’ ChUsershaufket Desktopt Elixirscriptsisimple.exs - Motepad+ + — O X
File Edit 5Search View Encoding Language Settings Toels Macre Bun Plugins  Window 7 X
e 2 s & Dociay ax|EBE =1 EREANG <
jsimple.exs_il | Modules e l B Command Prompt
1 vals = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9] o _ .
2 C:\Users\aufke\Desktop\ElixirScripts>elix
3 IO0.puts Enum.all?(vals, fn(n) -> n < 5 end) false
4 I0.puts Enum.all?(vals, fn(n) -> n >= @ end) pEaIE
5 I0.puts Enum.all?(vals, fn(n) -> n < 18 end) &N
6 *
7 C:\Users\aufke\Desktop\ElixirScripts>_
Pass list as first arg Anon function
- _ as second arg
length: 180 lines: 7 Ln:7 Col:1 Sel:0|0
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Enum.all? We can do it!

1 defmodule MyEnum do

2 def all(list, f) do all(list, f, true) end

3 def all([], _, res) do res end
4 def all([h|t], f, res) do all(t, f, f.(h) and res) end

5 end

6

7 vals = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

8 11:1 = ;HEE; ->a <5 Eﬂg * and the function result with the

9 T2 = tn(a) -> a >= 0@ en .

10 3 = fn(a) -> a < 18 end running Boolean result.

11 If we hit an element for which f.(h)
12 I0.puts MyEnum.all(vals, f1) is false, the entire running Boolean
13 IO.puts MyEnum.all(vals, f2)

14 I0.puts MyEnum.all(vals, f3) becomes false.

15
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Enum.all? We can do it!

1 defmodule MyEnum do

2 def all(list, f) do all(list, f, true) end

3 def all([], _, res) do res end

4 def all([h|t], f, res) do all(t, f, f.(h) and res) end

5 end

6

7 vals = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

8 f1 = fn(a) -> a < 5 end

9 f2 = fn(a) -> a >= 0@ end
1@ f3 = 'Fn(a) -> a < 18 end EN Windows PowerShell
-~ PS D:\GoogleDrive\Teaching - Ryerson\CCPS 506\_5_20
12 I0.puts MyEnum.all(vals, f1)
13 IO0.puts MyEnum.all(vals, f2)
14 I0.puts MyEnum.all(vals, f3)
15 PS D:\GoogleDrive\Teaching - Ryerson\CCPS 506\_S_20
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Enum.all? Short Circuit?

defmodule MyEnum do

def all(list, f) do all(list, f, true) end

defp all(_, , false) do false end

defp all([], _, res) do res end

defp all([h|t], f, res) do all(t, f, f.(h) and res) end
end

 No need to continue if res becomes false.
e false and anything = false
e (Can also make tail recursive functions private

© Alex Ufkes, 2020, 2022
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Enum.any?

Any value in collection must evaluate to true for a given condition

o C:\Users\aufke\Desktop'ElixirScripts\simple.exs - Motepad-++ - O x
File Edit Search View Encoding Language GSeftings Tools Macro Run  Plugins Window X
g 1Y) ey ax|BE 1 EDENa ®| @
simple oxs 3 | oAUES SN L] B¥ Command Prompt
1 vals = [e, 1, 2, 3, 4, 5, 6, 7, 8, 9]
2 C:\Users\aufke\Desktop\ElixirScripts>elix
3 IO0.puts Enum.any?(vals, fn(n) -> n == 2.2 end) EEIE:
4 I0.puts Enum.any?(vals, fn(n) -> n > 5 end) true
5 I0.puts Enum.any?(vals, fn(n) -> n < 18 end) true
6
7 ‘ C:\Users\aufke\Desktop\ElixirScripts>_
£
length: 182 lines: 7 Ln:7 Col:1 Sel:0|0 Windows (CR LF) UTF-2
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Enum.any? We can do it!

11 vals =[e, 1, 2, 3, 4, 5, 6, 7, 8, 9]
12 f1 = fn(a) -> a < @ end
13 f2 = fn(a) -> a >= @ end
14 f3 = fn(a) -> a > 18 end

16 IO.puts MyEnum.any(vals, f1)
17 I0.puts MyEnum.any(vals, f2)
18 IO0.puts MyEnum.any(vals, f3)

© Alex Ufkes, 2020, 2022

1 defmodule MyEnum do

2 def all(list, f) do all(list, f, true) end

3 def all([], _, res) do res end

4 def all([h|t], f, res) do all(t, f, f.(h) and res) end
5

6 def any(list, f) do any(list, 'Fend

7 def any([], _, res) do res end

8 def any([h|t], f, res) do any(t, f, 'F.(hes) end
9 end

10

Very similar to M\yEnum.all

Initialize res to false

Any true value from function f
will turn result true.
We are ORing instead of ANDing
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Enum.any? We can do it!

1 defmodule MyEnum do
2 def all(list, f) do all(list, f, true) end
3 def all([], _, res) do res end
4 def all([h|t], f, res) do all(t, f, f.(h) and res) end
5
6 def any(list, f) do any(list, f, false) end
7 def any([], _, res) do res end
8 def any([h|t], f, res) do any(t, f, f.(h) or res) end
9 end
1? vals _ [@ 1 2 3 a 5 6 7 8 9] EXN Windows PowerShell
_ LTy e S S T sy E A B PS D:\GoogleDrive\Teaching - R CCPS 506\_S_201
12 f1 = fn(a) -> a <@ end fa15e\ oogleDrive\Teaching yerson\ \_S_
13 f2 = fn(a) -> a >= @ end Eg#ge
12 f3 = fn(a) -> a > 18 end PS D:\GoogleDrive\Teaching - Ryerson\CCPS 506\_S_201
16 IO.puts MyEnum.any(vals, f1)
17 I0.puts MyEnum.any(vals, f2)
18 IO0.puts MyEnum.any(vals, f3)
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Enum.any? Short Circuit?

defmodule MyEnum do

def all(list, f) do all(list, f, false) end

defp all( , , true) do true end

defp all([], _, res) do res end

defp all([h|t], f, res) do all(t, f, f.(h) or res) end
end

© Alex Ufkes, 2020, 2022
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Enum.map

Very useful! Apply a function to every element

File Edit Options View Help
y B A7

Erlang/oTP 20 [erts-9.2] [64-bit] [smp:8:8] [ds:8:8:10] [async-threads:10]

Interactive Elixir (1.6.5) - press ctrl+C to exit (type h() ENTER for help)
iex(1)> vals = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

[0: l!l 2: 3: 4: 5: 6: 7: 8: 9]

1ex(2)> Enum.map(vals, fn(n) -> n+l end)

[l: 2: 3: 4: 5: 6: 7: 8: g: 10]

1ex(3)> Enum.map(vals, fn(n) -> n*2 end)

[0, 2, 4, 6, 8, 10, 12, 14, 16, 18]

1ex(4)> Enum.map(vals, fn(n) -> n*n end)

[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

1ex(5)> B

© Algx Ufkes, 2020, 2022




© Ale

Enum.map: We can do it!

==

def

4
5

6 def
7 def
8 def
9

10 def
11 def

12 def
12 end

15 vals
16 f1 =
17 f2 =
18 f3 =

20 I0.in
21 I0.1in

UrkesI 9020

all([h|t], f, res) do all(t, f, f.(h) and res) end 8
any(list, f) do any(list, f, false) end

any([], _, res) do res end
any([h|t], f, res) do any(t, f, f.(h) or res) end

map(list, f) d@ map(list, f, []) end
map([], _, res) d0 Tes enc

map([h|t], f, res) do map(t, f,lres ++ [f.(h)]) lend

* Resultinitialized as an empty list

=[0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
fn(a) -> a + 1 end
fn(a) -> a * 2 end
fn(a) -> a * a end

e Concatenate [f.(h)] to the
running result list

spect MyEnum.map(vals, f1), charlists: :as_lists
spect MyEnum.map(vals, f2), charlists: :as_lists
spegx MyEnum.map(vals, f3), charlists: :as_lists
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Enum.map: We can do it!

4 def all([h]|t], f, res) do all(t, f, f.(h) and res) end 8
5

6 def any(list, f) do any(list, f, false) end

7 def any([], _, res) do res end

8 def any([h|t], f, res) do any(t, f, f.(h) or res) end

9

10 def map(list, f) do map(list, f, []) end
11 def map([], _, res) do res end
12 def map([h|t], f, res) do map(t, f, res ++ [f.(h)]) end

12 end
14 EX Wind p Shell
15 vals = e, 1, 2, 3, 4, 5, 6, 7, 8, 9] PS D:\Guog1eDrive\Teach1ng - Ryerson\CCPS 506\_S_2018
16 f1 = fn(a) -> a + 1 end L, 2, 3, 4, 5, 6, 7, 8, 9, 10]
17 f2 = fn(a) -> a * 2 end Eg, %, j g Es 1?5 1%6 ljg 124 12%]
_ _ * ’ r £
12 f3 = fn(a) -> a * a end PS D:\GoogleDrive\Teaching - Ryerson\CCPS 506\_S_2018

20 IO.inspect MyEnum.map(vals, f1), charl
21 IO.inspect MyEnum.map(vals, f2), charl

lesI@o2pspest MyEnum.map(vals, f3), charl

© Ale
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Enum.map: We can do it!

==

0~ O B

9
10
11
12
13
14
15
16
17
18
19
20
21

def

def
def
def

def

def

def
end

vals
fl =
f2 =
f3 =

TI0.1n
10.1n

all([h|t], f, res) do all(t,

any(list, f) do any(list, f,
any([], _, res) do res end
any([h|t], f, res) do any(t,

map(list, f) do map(list, f,
map([], _, res) do res end
map([h|t], f, res) do map(t,

= [0, 1, 2, 3, 4, 5, 6, 7, 8,
fn(a) -> a + 1 end
fn(a) -> a * 2 end
fn(a) -> a * a end

f, f.(h) and res) end
false) end
f, f.(h) or res) end

[1) end

f, res ++ [f.(h)]) end

o]

spect MyEnum.map(vals, f1), charlists: :as_lists
spect MyEnum.map(vals, f2), charlists: :as_lists
esI@o2nspest MyEnum.map(vals, f3), charlists: :as_lists
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Enum.reduce

Distill collection to single value based on some function

o = (=] OLE—U

| simple exs Jl | Modules & l

Q] ChUsershaufke\Desktop\ElixirScripts\simple.exs - Motepad++

File Edit Search View Encoding Language Settings Tools Macre Run Plugins  Window  F

= g x| EBEl= EEEF =

(o]

BX Command Prompt

I C: \Users\aufke\Desktop\ElixirScript

-

% I

LW

-] O 1

Co

£

Mormal text length: 231 lines: 8

© Alex Ufkes, 2020, 2022

I0.puts Enum.
I0.puts Enum.
I0.puts Enum.
I0.puts Enum.

vals = [@, 1, 2, 3, 4, 5, 6, 7, 8, 9]

reduce(vals, fn(n, acc) -> n+acc
reduce(vals,_fn(n__3acc) -> n*acc
reduce(vals,| fn(n, acc) -> n-acc
reduce(vals,| fn(n, acc) -> acc-n

acc is the running value

end)
and)

end
end

C:\Users\aufke\Desktop\ElixirScript

By default, initialized to first element in list

20



Enum.reduce

Distill collection to single value based on some function

BX Command Prompt

Q] ChUsershaufke\Desktop\ElixirScripts\simple.exs - Motepad++ — O
File Edit Search View Encoding Language Settings Tools Macre Run Plugins  Window  F
o & sl @ el axBEEZT EEERa®| @ C:\Users\aufke\Desktop\ElixirScript
]simple.exs_‘j] | Modules & l

1 vals = [@, 1, 2, 3, 4, 5, 6, 7, 8, 9]

2

3 I0.puts Enum.reduce(vals, fn(n, acc) -> n+acc end)

4 I0.puts Enum.reduce(vals,_fni(n. _a3cc) -> n*acc end)

5 I0.puts Enum.reduce(vals, fn(n, acc) -> n-acc end

6 IO0.puts Enum.reduce(vals, fn(n, acc) -> acc-n end

-

(9 - (8 -(7-(6-(5-(4-(3-(2-(1- acc)..)

Normal tex VS
-~ 1) = 2) -3) -4) -5) -6) - 7) - 8) - 9)

Smgacc
© Alex UfkespdO2bmdada 21



Enum.reduce: We can do it!

10 def map(list, f) do map(list, f, '[]) end 8
11 def map([], _, res) do res end

12 def map([h|t], f, res) do map(t, f, res ++ [f.(h)]) end

13

14 def reduce(list, f) do reduce((tl list), f, hd list)fend
15 def reduce([], _, res) o[e C

16 def reduce([h|t], f, res) do reduce(t, f, end
17 end

18

19 vals = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

20 f1 = fn(n, acc) -> n+acc end
21 f2 = fn(n, acc) -> n*acc end

22 f3 = fn(n, acc) -> n-acc end  Result initialized as head of list
23 f4 = fn(n, acc) -> acc-n end

24 e Pass head of list and current

25 I0.puts MyEnum.reduce(vals, f1) result into f
26 IO puts MyEnum.reduce(vals, f2)
O.puts MyEnum.reduce(vals, f3)

© Alex Ufkes, ZO%B ZT(PZ’ZDUtS MyEnum.reduce(vals, f4)




Enum.reduce: We can do it!

10 def
11 def
12 def

14 def
15 def
16 def
17 end

N
(W]
_h
B
I

25 I0.pu
26 I0.pu
27 I0.pu

h125UAQ: Pys, Myfpwm- reduce (vals, f4)

map(list, f) do map(list, f, []) end 8
map([], _, res) do res end
map([h|t], f, res) do map(t, f, res ++ [f.(h)]) end

reduce(list, f) do reduce((tl list), f, hd list) end
reduce([], _, res) do res end
reduce([h|t], f, res) do reduce(t, f, f.(h, res)) end

- [@J 1: 2: 3, 4, 5" 6, ?J 8, 9] EXN Windows PowerShell - -
PS D:\GoogleDrive\Teaching - Ryerson\CCPS 506\_S_2018\

fn(n, acc) -> n+acc end
fn(n, acc) -> n*acc end
fn(n, acc) -> n-acc end

fn(n, acc) -> acc-n end PS D:\GoogleDrive\Teaching - Ryerson\CCPS 506\_S_2018\
ts MyEnum.reduce(vals, f1)

ts MyEnum.reduce(vals, f2)
ts MyEnum.reduce(vals, f3)




We can add an optional 37 argument to initialize acc:

iex> Enum.reduce([1l, 2, 3], fn(x, acc) ->» x+acc end)
16

iex> Enum.reduce([1, 2, 3], fn(x, acc) ->» x+acc end)
6

10 + 1 + 2 + 3

VS
1+ 2 + 3

© Alex Ufkes, 2020, 2022
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tream
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Streams

Like Enum, but Streams are lazy!

* Enum functions are strict/eager.
* The result of an Enum is the list that results from applying it:

iex> list = [1, 2, 3, 4, 5]
[1, 2, 3, 4, 5]

iex> Enum.map(list, &(&1 + 1))
[2, 3, 4, 5, 6]

© Alex Ufkes, 2020, 2022
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Streams

Like Enum, but Streams are lazy!

e Stream and Enum share many functions.
 What is the result of evaluating Stream.map?

iex> list = [1, 2, 3, 4, 5]
[1, 2, 3, 4, 5]
iex> Stream.map(list, &(&1 + 1))
#Stream<|
enum: [1, 2, 3, 4, 5],
funs: [#Function<48.103564624/1 in Stream.map/2>]
1>

© Alex Ufkes, 2020, 2022
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iex> list = [1, 2, 3, 4, 5]
[1, 2, 3, 4, 5]
iex> Stream.map(list, &(&1 + 1))
#Stream<|
enum: [1, 2, 3, 4, 5],
funs: [#Function<48.103564624/1 in Stream.map/2>]
1>

* That’s not a list! Stream is its own type.

* Think of a stream as a recipe for producing the transformed list.
 Here, our stream is a recipe for adding 1 to every element.
 We haven’t actually done the cooking!

 Why is this useful?

© Alex Ufkes, 2020, 2022
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Streams

Consider the following script:

list = [1, 2, 3, 4, 5] An aside: P'ipe is useful her?!

r1 = Enum.map(list, &(&1 + 1)) |> ° Outputlistirom Enum piped
Enum.map(&(&1 * 3)) |»> into next call as 1 arg.
Enum.map(&(&1 / 2)) ¢  Thus, subsequent Enum calls

only have 1 arg.

How many new lists are created when we evaluate this?

One for each Enum call! Very inefficient.

© Alex Ufkes, 2020, 2022
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Streams

list = [1, 2, 3, 4, 5]

rl = Stream.map(list, &(&1 + 1)) |>
Stream.map(&(&1 * 3)) |»
Stream.map(&(&1 / 2))

list = [1, 2, 3, 4, 5]

rl = Stream.map(list, &(&1 + 1)) |>
Stream.map(&(&1 * 3)) |>
Enum.map(&(&1 / 2))

© Alex Ufkes, 2020, 2022

rlis arecipe for a new list
At this point, no new list(s)
have been created!

If we finish with an Enum
call, the stream is applied.
Only one new list created

30



2 rl = Stream.map(list, &(&1 + 1)) |>

3 Stream.map(&(&1 * 3)) |[>
Enum.map(&(&1 / 2))

I0.inspect ri

[af C\_cps506\elixir\Stream Test.exs - Notepad++ — O >
Eile Edit 5Search View Encoding Language Settings Toels Macre Bun Plugins  Window X
= GGLEH |5’3) |Eﬂ£rﬁ|"§ "'>|h".‘:_l.|i+' E.-ELJ@-—"“E ?
|| Stream Test.exs E3 l

1 list = [1, 2, 3, 4, 5]

~l O B

E¥ Windows PowerShell

[3.0, 4.5, 6.0, 7.

PS C:\_cps506\elixir>

length : 135 lines: 7 Ln:7 Col:1 Sel

© Alex Ufkes, 2020, 2022

PS C:\_cps506\elixir> elixir StreamTest.exs
5, 9.0]




Apply the Stream?

© Alex Ufkes, 2020, 2022

Can also use Enum.to_list

list = [1, 2, 3, 4, 5]

rl = Stream.map(list, &(&1 + 1)) |>
Stream.map (& (&1L * 3)) |>
Stream.map(&(&1 / 2))

Enum.to_list(rl)

32



(o C\_cps506\elixir\ Stream Test.exs - Notepad++ — O >

Eile Edit 5earch Miew Encoding Language Settings Tools Macre Bun Plugins  Window X

o ) & D oe | iyl @x|EE| = = @ e — =
E¥ Windows PowerShell

|| Stream Test.exs £ l

1 list = [1, 2, 3, 4, 5] = 1s506\ e E
2 rl = Stream.map(list, &(&1 + 1)) |> 1 6.0 .
3 Stream.map(&(&1 * 3)) |[> P ns506\e

4 Stream.map(&(&1 / 2))

5 I0.inspect (Enum.to list rl)

6

7

length : 152 lines: 7 Ln:7 Col:1 Sel:0|0 Windows (CR LF)

Lots more: https://hexdocs.pm/elixir/Stream.html

© Alex Ufkes, 2020, 2022



Control “Structures”

Implemented using function calls and pattern matching

© Alex Ufkes, 2020, 2022
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Selection: 1f/else

LZ CihUsershaufket Desktop\ElixirScripts\simple.exs - Motepad++ - O x
File Edit 5earch VYiew Encoding Language Settings Tecls Macre Bun Plugins  Window Z X
o = o lls @ L2 % 2= ) = EREFE®| A5

| simple exs E3 ‘

1 x = "hello"
2 1if String.valid?(x) do

3 I0.puts "valid string!" _

Bl se BN Command Prompt
5 I0.puts "Invalid string.”

5 end

Ln:¥ Col:1 S5el:0|0 Windows (CRLF)  UTF-3 INS

M ext fili | 107 i - 7
© Alex: < J336- 502



uj" C\Usershaufke\DesktophElxirScripts\simple.exs - Motepad++

g B 8 g = =

| simple.exs E3 l

File Edit 5earch View Encoding Language Settings Teecls Macre Run Plugins Window

i @x|BE| =T ERELE

1T X = 3.14159—

if String.valid?(x) do

% I

3 I0.puts "valid string!”
4 else

5 I0.puts "Invalid string.”
65 end

E® Command Prompt

Ln: ¥ Col:1

Mormal text filk length : 107 lines: 7

© Alex Ufkes, 2020, 2022

sktop\Elixirs

ktop\Elixirs

sktop\Elixir

criptsi>elixir simple.ex

cripts»elixir simple.exs

oy

Scripts»




u{' ChUsershaufket Desktopt ElixirScripts\simple.exs - Notepad++ — O >

F||E Ed|t Search \fipu.l i el o | apmemams Lot e Trmle Edaesrm By Dlyimime WAl e T il

: ;JIEO' 7 As long as this expressions evaluates to true or false
| simple exs E ]

1 ifl "48" Mo ‘

w

% I

1U.puts true
- BN Command Prompt — O pe
3 else .
4 I0.puts false
5 end
6 |

i

length: 5% lines:€Ln:& Col:1 Sel:0]0

© Alex Ufkes, 2020, 2022



Boolean Expressions

With these operators:

Boolean: 8&, ||, ! * non-false and non-nil are
true, false e * nil and false are false.
* QOis considered true!
1ex> "gh" && false Except...
false * The resultisn’t true or false
iex> "gh" || false * |t’s the value that decided

“gh” the result of true or false

What we actually get is the value that determined the
truthiness of the expression

© Alex Ufkes, 2020, 2022
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“No loop/if-else/case constructs”

In Elixir, we have several control structures that are implemented as macros.

They are not actually constructs of the programming language.

Their implementation exists in the Elixir Kernel module.

They allow us to write if/else-style constructs in a familiar way.
However, these are function calls behind the scenes.

© Alex Ufkes, 2020, 2022
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L= Erlang
File Edit Options View Help

. BBAT

Erlang/0OTP 20 [erts-9.2] [64-b1t] [smp:8:8] [ds:8:8:10] [async-threads:10]

Interactive Elixir (1.6.5) - press ctrl+C to exit (type h() ENTER for help)
1ex(1)> h 1f/2

* defmacro 1f(condition, clauses)

Provides an 1f/2 macro.

This macro expects the first argument to be a condition and the second
argument to be a keyword 1list.®

## one-1iner examples

1f(foo, do: bar)

In the example above, bar will be returned 1f foo evaluates to
true (1.e., 1t 1s neither false nor nil ). otherwise, nil will be

returned.

An else option can be given to specify the opposite:

1f(foo, do: bar, else: baz)

© Alex Ufkes, 2020, 2022
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do/end VS Keyword List

if 1 < 2 do

“Hello”
end

Is the same as: if 1 < 2, do: “Hello”

Is the same as: if(1 < 2, do: “Hello”)

This form is a syntactic convenience allowed by
Elixir to make the language more accessible.

© Alex Ufkes, 2020, 2022
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do/end VS Keyword List

if 1 < 2 do
“Hello”
else
“World”
end

Is the same as:

if 1 < 2, do: “Hello”, else: “World”

Is the same as:

if(1l < 2, do: “Hello”, else: “World”)

iex> if 1 < 2, do: "Hello", else: "World"

"Hello™

iex> if(1l < 2, do: "Hello", else: "World")

"Hello™

© Alex Ufkes, 2020, 2022

42



do/end VS Keyword List

if 1 < 2 do Is the same as:

“Hello” if(1 < 2, do: “Hello”, else: “World”)
else Is the same as:

“World” _ . " " "
end if(1<2, [{:do,)"Hello"}, (:else,) "World"}])
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do/end VS Keyword List

if 1 < 2 do Is the same as:
“Hello” if 1 < 2, do: “Hello”, else: “World”
elsiw 14> Is the same as:
end or if(1<2, [{:do, "Hello"}, {:else, "World"}])

iex> if 1 < 2, do: "Hello", else: "World"

"Hello"
iex> if(1 < 2, [{:do, "Hello”}, {:else, "World"}])
"Hello"

© Alex Ufkes, 2020, 2022
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Can be any expression!

I"""'A"""'\

iex> if(1 < 2, [{:do, IO.puts "Hello"}, {:else, "World"}])
Hello
0k

iex>

© Alex Ufkes, 2020, 2022
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unless

unless is_integer("hello") do
"Not an Int"
end

iex> unless(is _integer("hello"), do: "Not an Int")
"Not an Int"

iex> unless(is_integer("hello"), [{:do, "Not an Int"}])
"Not an Int"

© Alex Ufkes, 2020, 2022
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unless: With an else

© Alex Ufkes, 2020, 2022

unless is integer(©b10101) do
"Not an Int"”

else
"An Int"

end
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We can never get here! case

if and unless can’t handle pattern matching gracefully:

& L UsershaufkelDesktoph ElixirScripts\simple.exs - Motepad++

Matching returns the right-hand side...
e UNLESS no match is found, then it yields

File Yit Search View Encoding Language Settings Tools Macre Run Plugin

o = s s & = % % x| e =
| simple ex; JIEE rSicript List tat l a MatChError.
2 : ligspgi; " 21 =11, 2, 3] do ¥ £ 3 match is found we’d be OK — [1, 2, 3]
3 'E'lS'E' B Command Prompt iS true (non-nil, non'faISE)
4 I0.puts x
5 end C:\Users\aufke\Desktop\ElixirScripts>elixir simple.exs

warning: no clause will ever match
simple.exs:1

-] O

** (MatchError) no match of right hand side value: [1, 2, 3]
simple.exs:1: (file)
(elixir) lib/code.ex:677: Code.require file/2

£

length: 78 lines:7Lln:7 Col:1 5el:0]0

© Alex Ufkes, 2020, 2022

C:\Users\aufke\Desktop\ElixirScripts>




case

Match this tuple successively
with each case:

tup = {:0k, "Hello World"}
case tup do
— { 10K, result} ->» result
—) { :error} -> "Uh oh!"
—  -> "Catch all”

end \_V_’

Without a catch-all, we'd get an
error if no match was found.

© Alex Ufkes, 2020, 2022

Pattern match!

{:ok, result} = {:ok, "Hello World"}
{:error} = {:Ok, "Hello Worldu}
_={:0k, "Hello World"}

50



[ *C:\Users\aufke\Desktop\EliirScripts\simple.exs - Motepad-++ — O X
File Edit Search View Enceding Language GSettings Tools Macro Run  Plugins Window ? X
cEHEHB R & 2 By x| @ = 1 EE@EF
[ simple exs E3 IEI l
case {:0k, "Hello World"} do

{:0k, result} -> IO.puts result

{:error} -> IO.puts "Uh oh!"
-> I0.puts "Catch all”

end

EN Command Prompt

C:\Users\aufke\Desktop\ElixirScripts>elixir simple.exs
Hello World

L4

: \Users\aufke\Desktop\ElixirScripts>_

length: 137 lines: Ln:7 Col:1 Sel:0]0

© Alex Ufkes, 2020, 2022
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|=1'" ChUsershaufke Desktopt Elixirscriptsisimple.exs - MNotepad++ — O >

File Edit Search View Encoding Language Settings Tools Macro Run  Plugins Window 2 X
8 B s s & = g % x| B =1 EZEF
| simple.exs E3 ]E] ]
case {:error} do
{:0k, result} -> IO.puts result
{:error} -> I0.puts "Uh oh!"
_-> I0.puts "Catch all”
end
E¥ Command Prompt — O X
C:\Users\aufke\Desktop\ElixirScripts>elixir simple.exs
Uh oh!
¢ : \Users\aufke\Desktop\ElixirScripts>

length: 125 lines: Ln:7 Col:1 Sel:0|0
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|=-1" ChUsershaufke Desktopt ElixirScripts\simple.exs - Notepad++ — O >

File Edit Search View Encoding Language Settings Tools Macro Run  Plugins Window 1 X
o s s & - B g % x| 2 = 1 EZEF
| simple exs £ IEI l
case {:error, "Blah"} do
{:0k, result} -> IO.puts result
{:error} -> I0.puts "Uh oh!"
_ -> I0.puts "Catch all"
end
‘ EX Command Prompt
C:\Users\aufke\Desktop\ElixirScripts>elixir simple.exs
Catch all
< C:\Users\aufke\Desktop\ElixirScripts>

length:133 lines: Ln:7 Col:1 Sel:0]0
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L] ChUsershaufkeh\Desktoph\ElixirScripts\simple.exs - Motepad++ - O x

File Edit 5earch View Encoding Language Settings Tools Macre Run Plugins  Window 7
o = o s & ol % % xS = EEMEE

X

| simple exs E3 IEI l
case {:error, "Blah"} do
{:0k, result} -> IO.puts result
{:error} -> IO0.puts "Uh oh!"
# -> IO.puts "Catch all”

end
BN Command Prompt O >

Comment out C:\Users\aufke\Desktop\ElixirScripts>elixir simple.exs

catch all case warning: no clause will ever match
| simple.exs:1

SR AR LN <+ (CaseClauseError) no case clause matching: {:error, "Blah"}

simple.exs:1: (file)
(elixir) lib/code.ex:677: Code.require_file/2

C:\Users\aufke\Desktop\ElixirScripts>_
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case: Matching Variables

pl = 3.14
I0.puts pl <= What prints?

case|"apple pie"|do

——p Pp1 -> IO0.puts "Tasty " <> pi
-> I0.puts "#{pi} 1s not tasty”

Attempts to match: pi = “apple pie”
e What's the problem here?

end

© Alex Ufkes, 2020, 2022
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|=|'" Ch\_cps306\elixiritest.exs - Notepad++ -

d >

EN Windows PowerShell -

File -E-dit Search Eiw Encoding ‘_I_:a-nguage S#ihgi‘_ Tools %acrnl Bun EE_Iugins T;'_‘u"indnw El X PS C . \_cp S 506 \E-I _i }{-i rs E-I _i }{-i r tE St _exs
o = 2 g = =] B Sy w2 =5 L r EEEE
test exs _]l 3 : 14 -
=l Tasty apple pie
= 3.14 .
pL = 3.1% PS C:\_cps506\elixir> _
I0.puts pi
case "apple pie" do
pi -> IO0.puts "Tasty " <> pi
_ -> IO0.puts "#{pi} is not tasty"”
end
length: 131 lir Ln:9 Col:1 5el:0]0 Windows (CRLF)  UTF-8 IN5
[&f C\_cpsSDEhelixiritest.exs - Notepad-++ - O * EX wWindows PowerShell —
File -E-dlt Search EIEW: Encoding  Language Sei_:ltl.ngih Tools %acrnl Bun EE_Iugms E;'_‘n."lndu:n.m' El X PS C . \_cp S 506 \E-I _i }{-i rs E-I _i }{-i r tE St _exs
o = 2 g = = i w2 =L 4 =@ [E F 3 14
|tes1.exs_]|. 12 3.14 -iS not taSty
p1 = 3. . . . PS C:\_cps506\elixir>
10.puts pi Pin p1 using #
case==apple pie" do
Api 7> I0.puts "Tasty " <> pi
= I0.puts "#{pi} is not tasty"”
end
length: 132 lir Ln:9 Col:1 S5el:0]0 Windows (CRLF)  UTF-8 IN5




Guard Clauses

[&f C\_cps506\elixiritest.exs - Notepad++ — O bt EN wWindows PowerShell
File Edit Search View Encoding Language Settings Tools Macre Run Plugins  Window 7 X . - - - -

_ - 2 = = . N PS C:\_cps506\elixir> elixir test.exs A
o &= s ls @ =)] i g 2 =85 7 EEE R No match!
s o 3 PS C:\_cps506\elixir>

1 tup = {1, 2, 3}

2 case tup do

3 {1, x, 3} when x < @ ->

4 I0.puts "Match #{x}"

B >

: 10.puts "No match!” | Place a condition on the match:

7 end . . .

g | * In this case, match is only successful if x <0
length: 133 lir Ln:& Col:1 5el:0|0 Windows (CRLF}  UTF-2 IN5

Guard reference: https://hexdocs.pm/elixir/master/guards.html
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Guard Clauses

[af C\_cpsS06\elixiritest.exs - Notepad++ — O X EN windows PowerShell — O ot
File Edit Search View Epcoding Language Settings Tools Macre Run  Pluging Window X

- e
o 5 sl & = i @ BE =1 E2EER @
Jtest.e:-:s._” 5506\911}{1 r>

1 tup {1, -2, 3}
2 case tup=ue

3 {1, X, 3} when x < @ ->
4 I0.puts "Match #{x}"
5 >
6 I0.puts "No match!"
7 end
8 |
length: 134 lir Ln:& Col:1 5Sel:0]0 Windows (CRLF)  UTF-8 N5

Guard reference: https://hexdocs.pm/elixir/master/guards.html
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cond

case is for pattern matching, cond is for conditions:

ﬁ! Ch_cps308helixintest.exs - Notepad++

|test.exs E1 l

Eile Edit 5Search Miew Encoding Language Settings Tools
o = = O-IEU E;I = )]

- | .

Macro  Bun Blud sw \windows PowerShell —
T | % =

BIPS C:\_cps506\elixir> elixir test.exs
odd

1 X
y

rem 999, 2

cond do

== 0 -> "Even"
X == 1 -> "0dd"
end
I0.puts vy

O~ O W1 B w

£

length: 92 limLn:8 Col:1 Sel:0|0

Windowst

PS C:\_cps506\elixir>

Evaluating cond:

We say y=cond ...
Cond evaluates to the final expression
under the first true condition.

Similar to a block in Smalltalk

© Alex Ufkes, 2020, 2022
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o C:\Users\aufke\Desktop'ElixirScripts\simple.exs - Motepad-++ - O X
File Edit Search View Encoding Language Seftings Tools Macro Run  Plugins Window 2 X
o 5 3 s & ey xx | BE=1 EHFE2EER
Jsimple.exs_‘llEE ]
1 cond do
2 2 +2==5 ->
3 I0.puts "This will not be true”
4 2 * 2 == ->
5 I0.puts "Nor this™
6 1+ 1 == ->
7 I0.puts "Oops™
8 end
9 C:\Users\aufke\Desktop\ElixirScripts>elixir simple.exs
*¥* (CondClauseError) no cond clause evaluated to a true value
< (file)
S o o (elixir) lib/code.ex:677: Code.require file/2

C:\Users\aufke\Desktop\ElixirScripts>_
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cond: Always have a catch-all

E]'" ChUsershaufke Desktopt ElixirScripts\simple.exs - Notepad++ — O X
File Edit 3earch View Encoding Language 5ettings Tools Macro Run Plugins  Window =
3 & i LI_:'] S5 a5 Be s & | EE|= = . BN Command Prompt
jsimple.estIEE Script List txd l . . ] ] ] ]
1 cond do C:\Users\aufke\Desktop\ElixirScripts>elixir simple
2 2 +2 ==5 -> Catch-all
3 I0.puts "This will not be true” o 1
4 2 % 9 == 3 _> C:\Users\aufke\Desktop\ElixirScripts>
5 I0.puts "Nor this"
6 1 +1 == ->
7 TO. puts "Oons"
8 true ->
9 I0.puts "Catch-all”
16 enad
£ >
length: 200 lines: Ln:11 Col:1 Sel:0]0 Windows (CRLF)  UTF-2 IMNS
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List Comprehensions

© Alex Ufkes, 2020, 2022

for:
* G@Generating
* Filtering
* QOperating

Produces a list when it’s done!

Not the same as an imperative-style for loop!

Not for general purpose iteration.

62



List Comprehensions

© Alex Ufkes, 2020, 2022

Very much like comprehensions in Python:

Three parts:
* (Generator
* Filter
 Collector

Comprehensions can be used to do things that we could
otherwise do with Enum or recursive functions
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List Comprehensions

© Alex Ufkes, 2020, 2022

iex> Enum.map([1, 2, 3, 4], &(&1*&1))
[1, 4, 9, 16]

iex> for n <-|[1, 2, 3, 4]] do: n*n

[1, 4, 9, 16
Generator: Any enumerable
* In this case, a plain old list
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List Comprehensions

© Alex Ufkes, 2020, 2022

iex> Enum.map([1, 2, 3, 4], &(&1*&1))
[1, 4, 9, 16]

iex> for n <- [1, 2, 3, 4], do: n*n
[1, 4, 9, 16]

iex> for n <— do: n*n
[1, 4, 9, 1€

Used to produce list [1, 2, 3, 4]
Can generate large lists this way
Note: 1. .4 is NOT itself a list!

It is a Range
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File Edit Options View Help
y B A7

© Ale

Erlang/0OTP 20 [erts-9.2] [64-bit] [smp:8:8] [ds:8:8:10] [async-threads:10]

Interactive Elixir (1.6.5) - press Cctrl+C to exit (type h() ENTER for help)

iex(1)> 1. .4

1..4

1ex(2)> IO.inspect 1..4
1..4

1..4

iex(3)> Enum.to_1list(1..4)
[1, 2, 3, 4]

iex(4)> hd 1. .4

** (ArgumentError) argument error
:erlang.hd(1..4)

1ex(4)> tl 1..4

** (ArgumentError) argument error
;erlang.tl(1..4)

1ex(4)> Enum.map(l..4, &(&1+1))

[2, 3, 4, 5]

1ex(5)> B

x Ufkes, 2020, 2022
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List Comprehensions

iex> for n <- 1..4, do: n*n
[1, 4, 9, 16]

* List comprehensions produce lists
* Generators like the above are lazy (Range)
 QOperate on elements one at a time,

discarding previous.
* That is, at no point do we produce the

completelist [1, 2, 3, 4] in memory.

https://hexdocs.pm/elixir/Range.html

© Alex Ufkes, 2020, 2022
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List Comprehensions: Pattern Matching

iex> vals = [good: 1, good: 2, bad: 3, good: 4]

Keyword list!

f—%

iex> vals = [{:good, 1}, {:good, 2}, {:bad, 3}, {:good, 4}]
[good: 1, good: 2, bad: 3, good: 4]

© Alex Ufkes, 2020, 2022
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List Comprehensions: Pattern Matching

iex> vals = [good: 1, good: 2, bad: 3, good: 4]
[good: 1, good: 2, bad: 3, good: 4]

iex> for {:good, n} <-|vals,| do: n*n
[1, 4, 16]

e Pattern matching is powerful
e We can also filter in a Boolean fashion

© Alex Ufkes, 2020, 2022
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List Comprehensions: Filtering

iex> fun = &(rem(&1, 3) == 0)

#Function<6.99386804/1 in :erl eval.expr/5>
iex> for n <- 1..20, do: n

[3, 6, 9, 12, 15,

Filter is optional
* Include it after generator if desired

* Only elements that evaluate to true when
filtered will make it to the do: block

© Alex Ufkes, 2020, 2022
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List Comprehensions: Filtering & Matching

iex> list = [a: 1, b: "2", a: 3.0, a: "4.0", b: {5}, a: ["6.0"]]
[a: 1, b: "2", a: 3.0, a: "4.0", b: {5}, a: ["6.0"]]

iex> for {:a, n} <- list, is_number(n), do: n
[1, 3.0]

Nothing semantically new here

* Anything we can do with comprehensions we can
do with Enum or our own functions.

* It might require more syntax, but we can do it.

 Comprehensions can be used to create concise code

© Alex Ufkes, 2020, 2022
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List Comprehensions: In 2D?

iex> for i <- [:a, :b, :c], j <- [1, 2], do:
[a: 1, a: 2, b: 1, b: 2, ¢c: 1, c: 2]

We get a keyword list containing combinations
of all elements from both generators

© Alex Ufkes, 2020, 2022

11, J}

72



Elixir Processes (In Brief):

Elixir is built on a process model. Recall:

* Elixir code runs inside lightweight threads of execution.

o Isolated, exchange information via message passing.

 Not uncommon to have hundreds of thousands of
processes running concurrently in same VM.
o Note: These are NOT operating system processes!
o Extremely lightweight in terms of CPU and memory
o A process need not be an expensive resource

© Alex Ufkes, 2020, 2022
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Elixir Processes

L= Erlang
Eile Edit Options View Help

. BBAT?
Erlang/oTP 20 [erts-9.2] [64-b1t] [smp:8:8] [ds:8:8:10] [as~

Interactive Elixir (1.6.5) - press Cctrl+C to exit (type h()
1ex(1)> self()

#PID<0.83.0>

1ex(2)> Process.alive?(self())

true

1ex(3)>

Playing with processes:
 self() Returns PID of current process.

o In this case, it’s the PID of our interactive shell session

* We can spawn functions as processes!

© Alex Ufkes, 20202022 3

 Process.alive?() testsif a process is currently active.
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Elixir Processes

L= Erlan g — O -

File Edit Options View Help
. BB AT

Erlang/OoTP 20 [erts-9.2] [64-b1t] [smp:8:8] [ds:8:8:10] [as~

Interactive Elixir (1.6.5) - press ctrl+C to exit (type h(Q)
1ex(1L)> selfQ
#PID<0.83.0>

iex(2)> Process.alive?(self()) spawn takes a function as
True

sl [1ex (3)> pid = spawn fn -> 1 + 2 end an argument and returns
#PID<0.87.0> i

) 1ieXx (4)> Process.alive?(pid) s PI[? once spawned.
false Function executes when
1ex(3)> spawned

© Alex Ufkes, 2020,.2022 N
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Elixir Processes: Send & Receive

iex> send(self(), {:Hello, “World”})
{:Hello, "World"}

« send/2 can be used to send a message to a process (by PID)

* This message goes into a mailbox and can be received using the
receive/1 function (or using its macro syntax form, as we will)

* When invoking receive, it will go through the messages in the mailbox
and attempt to match the messages with the provided patterns

© Alex Ufkes, 2020, 2022
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Elixir Processes: Send & Receive

© Alex Ufkes, 2020, 2022

iex> send(self(), {:Hello, “World”})
{:Hello, "World"}
iex> receive do
..> {:Hello, msg} -> msg
..> {:World, msg} -> "won't match"
...> end
"World" .

. Once the message is received, it is consumed!
lex>

* We can’t receive the same message twice.
* Subsequent receive calls will be blocking
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© Ale

Elixir Processes: Send & Receive

[af C:\_cps506\elixir\process.exs - Notepad++

File Edit 5earch View Encoding Language Settings Tools Macre Run Plugins  Window 7 X

= QQLI:h ﬁtm 4 - —"-'_=_+'

| process exs 1 l

@

- | X

EEEF G

1 send(self(), {:Hello, "World"})

2

3 mail = receive do

4 {:Hello, msg} -> msg

5 {_, msg} -> "failed: #{msg}"
65 end

8 I0.puts mail

9
10

EN Windows PowerShell -

PS C:\_cps506\elixir> elixir process.exs
world
PS C:\_cps506\elixir>

Col:1 Sel:0|0 Windows (CR LF)

UTF-8 M5
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Elixir Processes: Send & Receive

[a C\_cpsS06\elixir\process.exs - Notepad++ — O >
File Edit 5Search View Encoding Language Settings Tools Macre Run Plugins  Wipelaws 2 e
pce 2 [y LEEJ E_I - 48 Og r & | MR = ;E EN Windows PowerShell - O X

PS C:\_cps506\elixir> elixir process.exs

| process.exs E3
l orld

1 send(self(), {:Hello, "World"})

mail = receive do
{:Hello, msg} -> msg

I0.puts mail Receive is blocking!

We sent one message and received it.
We then try and receive again, but the

2
3
4
5 end
6
7
8

mail = receive do

9 {:Hello, msg} -> msg . .
16 end mailbox is empty.
E I0.puts mail Process sits and waits.
13 |
©A|e|eg '1é1s’lig£5‘30’ Zdljzf:l:ulﬂ Sel: 0|0 Windows (CRLF)  UTF-2 INS
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Elixir Processes: Send & Receive

[af C:\_cps506\elixir\process.exs - Notepad++

File Edit 5Search View Encoding Language Settings Tools

o =

s g &= = i 2 EHE| =

| process exs 1 l

Macre  RBun  Plugins  Wir

- | X

N

EN Windows PowerShell —

PS C:\_cps506\elixir> elixir process.exs
orld

PS C:\_cps506\elixir>

1 send(self(), {:Hello, "World"}) wWaited 1s, nothing
2
3 mail = receive do
4 {:Hello, msg} -> msg
5 end
6 I0.puts mail
8 mall = receive do
9 {:Hello, msg} -> msg
16 after
11 1000 -> "Waited 1s, nothing"
12 end
12 I0.puts mail
14 v
length; 212 lines: 15 Ln:13_Col:1 5el:0|0 Windows (CRLF)  UTF-2 INS
€S, 202U, ZUZZ
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Elixir Processes: Send & Receive

o =

Qf’ Ch_cps306\elinirprocess.exs - Notepad++

File Edit 5Search View Encoding Language Settings Tools

s s & 2 i By | %

| process.exs £ l

Macre Bun  Plugins Window 2

E@EMEEA

= = 1 =

Spawning a function as a process
executes that function.

(=1}

1

o ~l Oyl B w M

S
10
11
12
13
14
15
16

defmodule Mail do
def get() do
receive do

:Hello -> IO.puts "Hello"
:World -> IO.puts "World"

_ -> I0.puts
end
end
end

pid = spawn(&Vail.get/0)
send(pid, :wWorld)

pid = spawn(&Mail.get/0)
send(pid, :Hello)

pid = spawn(&Mail.get/0)
send(pid, 97)

© Alex Ufkes, 2020, 2022

"Huh?"

A blocking receive can be used to
wait for messages.

Once the function receives a
message, it will pattern match.
Receive only blocks once! We must
spawn the function three times.

EN Windows PowerShell

pe c:\ _cps506\elixir> elixir process.exs

wor1d
Huh?

length : 335 lines: 20 Ln:19 Col:1 Sel:0|0

Different order?
Execution is interleaved.

Up to scheduler.

io w.\_Cps506\elixir>
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Elixir Processes: Send & Receive

© Alex Ufkes, 2020, 2022

length : 341  lines: 20 Ln:18 Col:1 Sel:0|0

I *C\_cps506\elixir\ process.exs - Notepad-++ — O e
File Edit Search View Encoding Language Settings Tools Macre Run  Plugins Window 2 P
cEHEHB R & o 2 g % BE =1 E0EAE ®| ¢
=l process exs E3 l
1 defmodule Mail do 8
2 def get() do
3 receive do
A .Hello -> I0.puts "Hello" | Spawn all three, send each a message.
5 :World -> I0.puts "World” Je \Which child process gets chosen to
6 _ -> I0.puts "Huh?" .
- end execute is up to the scheduler.
8 end |
1 2 &n d EN Windows PowerShell — O X
11 pidl = spawn(&Mail.get/o) PS C:\_cps506\elixir> elixir process.exs
12 pid2 = spawn(&ail.get/0)
13 pid3 = spawn(&ail.get/0)
14 send(pidl, :World)
15 send(pid2, :Hello)
16 send(pid3, 97)
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Elixir Processes

* This has been a taste. There’s lots more.

 Elixir is famous for powerful concurrent processing.

* Processes can be used to emulate the object message
passing model in languages like Smalltalk.

* If you understand a bit about concurrency from 209
or 590, check it out.

https://elixir-lang.org/getting-started/processes.html

© Alex Ufkes, 2020, 2022
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elixir
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Functional Programming & Elixir

We saw:

Functions: First-class entities

o Create and pass anonymous functions as arguments

o Return anonymous functions as values

Immutable data: Variables are bound and matched using =
o Collections are not modified.

o Enum.map returns a new collection

Recursion: Repetition accomplished with tail-recursion.

o Enum functions work this way behind the scenes

© Alex Ufkes, 2020, 2022
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Functional Programming & Elixir

Control flow is not built into the language as syntax constructs

* Selection and branching are implemented as functions
* Operate using keyword lists and pattern matching

if 1 < 2 do
“Hello”
else
“World”
end
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Is the same as:
if(1 < 2, do: “Hello”, else: “World”)

Is the same as:
if(1<2, [{:do, "Hello"}, {:else, "World"}])
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Elixir Syntax

* Dynamically typed

o Type inferred at run-time
o Need not explicitly specify type upon declaration
* Provides syntax conveniences to make it more intuitive to
programmers accustomed to imperative languages
* |Interactive shell provides help/search functionality

https://media.pragprog.com/titles/elixir/ElixirCheat.pdf
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Elixir Syntax

Reserved words
 true, false, nil
o Used as atoms
« when, and, or, not, in
o Used as operators
e fn
o Used for anonymous function definitions
 do, end, catch, rescue, aftter, else
o Used in do/end blocks

https://github.com/elixir-lang/elixir/blob/master/lib/elixir/pages/Syntax%20Reference.md

© Alex Ufkes, 2020, 2022 88



Further Reading

https://elixir-lang.org/getting-started/introduction.html

https://elixirschool.com/en/lessons/basics/basics/
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Elixir Popularity
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Interest over time

@ Elixir

the

Google Trends

Worldwide. Past 5 years. Web Search.
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Elixir Popularity

https://techbeacon.com/5-emerging-programming-languages-bright-future

This list also includes Rust!
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In Summary
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More Advanced Elixir:
 Control flow, keyword lists
* Enum VS Stream

* List comprehensions

* Elixir processes

* Elixir sendoff
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