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FORGET

Everything You
Know About
Programming



What Do You
Know?







Strings

Numerics

Booleans

Indentation

Name = Value

Ifs

Iteration

Procedures




Strings Numerics Booleans Indentation
Names Name = Value Ifs Iteration Procedures




Classes Inheritance Methods
Namespaces Arrays Hashes
Strings Numerics Booleans Indentation
Names Name = Value Ifs Iteration Procedures




Programs

Classes Inheritance Methods
Namespaces Arrays Hashes
Strings Numerics Booleans Indentation
Names Name = Value Ifs Iteration Procedures
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Functional
Programming



Refactor

Everything You
Know About
Programming



Programs

Namespaces Arrays Hashes
Strings Numerics Booleans| | Indentation
Names Name = Ifs Iteration

Value







Notations - Function Types




Look at Input

Produce Output



Effects



Pure Functional Programming

* Programs composed of “pure” functions =>

* No side effects

* Can be “memoized” i.e. always return the same (i.e. it’s a map)

* Side effects are!

Modifying a variable

Modifying a data structure in place

Setting a field on an object

Throwing an exception or halting with an error
Printing to the console or reading user input
Reading from or writing to a file

Drawing on the screen

“F ﬁnl;[) 1al Proc 1[ ammir ﬁ\

» Declarative style instead of imperative -> What not How
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c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *

floor(b(x)) + 16 * a(x) - ceil(g(x) -

c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *

floor(b(x)) + 16 * a(x)



Programs

x)
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Hashes
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Name =
Value
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c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *

floor(b(x)) + 16 * a(x) - ceil(g(x) -

c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *

floor(b(x)) + 16 * a(x)



t = c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *

floor(b(x)) + 16 * a(x) - ceil(g(x)

X[2] = 'Q'

y =t + c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *

floor(b(x)) + 16 * a(x)



t = c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *

floor(b(x)) + 16 * a(x) - ceil(g(x)
x[2] = IQI
y =t + c(a(x) + b(x)) + d(x) * e(x) - 4 * (q(x) - f(x)) +
d(x) * e(x) - 4 * (q(x) - f(x)) + b(x)) + d(x) /
c(a(x) + b(x)) + d(x) * e(x) + g(x) + h(x) *
floor(b(x)) + 16 * a(x)



Immutable



Copies
Copies
Copies



Persistent
Data
Structures




INFCON 2023

List(1, 2, 3, 4).append(5)
.\v O(n)
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INFCON 2023

List(1, 2, 3, 4).prepended(0)
&
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INFCON 2023

List(1 2. 3, 4).updated(1, 5)
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pure functions are basically lookup tables

stringlLength

argument returns
IIH1'II 2
"GOTO" 4
"Copenhagen" _ 10




pure functions are basically lookup tables

stringlLength

key value
IIH1'II 2
"GOTO"
"Copenhagen" 10




pure functions are basically lookup tables

how to tell if a function is pure:

“Could this function’s body be replaced with

one big lookup table access?”



Oynamic Programming

Top Down Approach  Bottom Up Approach

Momoization Tabulation

Memoization

In computing, memoization or memoisation is an
optimization technique used primarily to speed up
computer programs by storing the results of expensive
function calls to pure functions and returning the
cached result when the same inputs occur again

Lazy Evaluation

A 'y & pot y of only evanating forms whose vabses
e naeded by 8 comsumar, Sch 81 8 print request

* Usp Nl suppomed iacy evsmuaton. then
PIRST [UST canpeny

b | needs 10 be

Lazy Evaluation rr Evaluation Lazy Evaluat

Spor(l:z i /n

{&] More images

Lazy evaluation

paradigmn

In programming language theory, lazy evaluation, or

call-by-need, is an evaluation strategy which delays

the evaluation of an expression until its value is
needed and which also avoids repeated evaluations.
Wikipedia

Parallel computing

Programn aradigr

Parallel computing is a type of computation in which
many calculations or processes are carried out
simultaneously. Large problems can often be divided
into smaller ones, which can then be solved at the

same time. pedia

People also search for

puting co ntelligence




Immutable

VS

const






Actions

the process of doing something, typically to
achieve an aim

* In FP jargon: impure functions, effects, or
side-effects

* Rule of thumb: Actions depend on
* when you run them or

* how many times you run them

Calculations

computation from inputs to outputs

* In FP jargon: pure functions, referentially
transparent

* Eternal — outside of time

Data

facts about events used as a basis for reasoning,
discussion, or calculation

* Inert
« Serializable

* Requiring interpretation
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README.rst

pydash
pypi v7.0.6 hulld- coverage- Ilcmse_

The kitchen sink of Python utility libraries for doing "stuff" in a functional way. Based on the Lo
library.

Javascript

README.md

Note
lodash

Looking for a library that is more memory efficient and bette
around generators and iteration and has iteratee-first functic

ng | Wiki |
Links
The Lod

h library exported as a UMD module.

Project: htty

$ bun run build

$ lodash -o ./dist/lodash.js

$ lodash core -o ./dist/lodash.core.js

Documentation: |
PyPi: http y
Github Actions:

Download

d)

nies |isDelive

README.md

Lodash is released under the M ense & supports modern ¢

Review the build differences & pick one that’s right for you.

Tilde

Tilde is a functional tool-belt for Android. It not just only provides functional methods for Kotlin but also some
wrapper for Java so you can play around with the library in Java too. Tilde is inspired from Dollar in Swift which is
similar to Lodash and Underscore.js in Javascript. It also provides Java 6 and 7 users with almost all the useful
methods in Java 8.

NOTE: This library is under development and documentation is incomplete

README.md

Lodust - APl Documentation

Lodust is the Rust version of Lodash, which is a modern Javascript utilty library delivering modularity,
performance & extras.

README.md

Dollar i mmmm fseawses) e sy )

Dollar is a Swift library that provides useful functional programming helper methods without extending any built in

objects. It is similar to or Under in Javascript.

Cent is a library that extends certain Swift object types using the extension feature and gives its two cents to
Swift language. It is now moved into a separate repo to support Swift Package Manager

NOTE: Starting Swift 4 $ is no longer a valid identifier. So you get the following error: '$' is not an
identifier; use backticks to escape it .Instead use Dollar .
",
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a program is...
pipeline of input->output
R[> oan
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Understanding "effects”






Normal World




What is an effect?

CmAdbCC“%““mq
* A generic type ceally W's vagpe!
List<_>
* A type enhanced with extra data
Option<_>, Result< >
* A type that can change the outside world
Async< >, Task< >, Random< >
* A type that carries state
State< >, Parser< >



"Normal" world

string ]

/int -> string

int ]

\bool
. bool

\




"Option" world

tOption<string>]

/Optiondnt) -> Option<string>

[Option<int> ]

Wﬂb -> Option<bool>

iOption<bool>]




"List" world

-

List<string> ]

",/”' List<int> -> List<string>

[ List<int> ]

List<int> -> List<bool>

r

. List<bool> ]




"Async" world

-

~ Async<string> ]

/Async<int> -> Async<string>

[ Async<int> ]

Async<int> -> Async<bool>

lAsync<bool> ]




"Effects” world

E<string> ]

/ E<int> -> E<string>

[ E<int> ]

w -> E<bool>
i E<bool> ]




Problem:

How to do stuff in an effects
world?



Option<int> Option<string> Option<bool>




Option<int> Option<string> Option<bool>




Notations - Function Types




Notations - Function Composition

Function composition




Pure Functional Programming

eexceptions = partial function

The partial
function is a lie




Core principle:
Types are not classes




50, what is a type then?

A type is a just a name
for a set of things

\'(‘Hi-'llh];ll'l# ; \',‘1|{.‘|(..1|['1'.1m: ;

Set of ‘l;(u,(‘m.m | Set of




A type is a just a name
for a set of things

\‘:'H'{-"("l'li‘;l'lf"i

‘l;(lm«iiiem I Set of

6.é AU A W -
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£




Set of
valid inputs

A type is a just a name
for a set of things

m Function m

llabctl
"but"
"cobol"
"double"
"endll
"ﬂoat"

1
This is ype

“string”



A type is a just a name
for a set of things

Donna Roy
Javier Mendoza
Nathan Logan Function Set of
Shawna Ingram valid outputs
Abel Ortiz
Lena Robbins
Gordon Wood

T

This is type

"Yerson”



A type is a just a name
for a set of things

Set of Function
valid inputs




A type is a just a name
for a set of things

om__ i

Set of Function :
valid inputs m m “ @‘ -
om__jue

T

This is a type of
Fewit=>Frnit functions



int (output type)

v v v v

|
| inputx  maps to | 2/x E




int (output type)

switch (input)
{

e

case 3: return 4;
case 2: return 6;
case 1: return 12;

case @: return ??;
} ‘k~“-~

} What happens here?




int (input type) int (output type)
, int TwelveDividedBy(int input) "

{
switch (input)
{

i

case 3: return 4;

case 2: return 6;

case 1: return 12;

case 0:

throw InvalidArgException;
}

R
A
.




int -> int

int (output type)
int TwelveDividedBy(int input)

{

switch (input)

b

case 3: return 4;

case 2: return 6;

case 1: return 12;

case 0:

throw InvalidArgException;

. |




int (input type)

—&

IO COR

}

You tell me yow can
handle @, and then you
complain abowt it?

This wpe signature is a lie!

e
int -> int

int TwelveDividedBy(int input)

switch (input)

{

case 3: return 4;

case 2: return 6;

case 1: return 12;

case 0:

throw InvalidArgException;

}

e

X

int (output type)

4
6
12




Use case

input="126,3", output:126/3 = 42

publie¢ (String, String) split(String s){
return s.split (", ")
}

public (double, double) parse((String, String) p) {
return (parseDouble(p. 1), parseDouble(p. 2))

}

public double divide ((double, double) numbers) {
return numbers. 1 / numbers. 2

}

@cesarTronLozai



Y divide
\_/J "!!

divide ° parse ° split

O @

@cesarTronLozai




Use case

Exception handling

Optional<T> Either<L, R>

Optional.of(“OK”) Either.left(new Exception(“...”))
Optional.empty() Either.right(“OK”)

@cesarTronLozai



Use case

Let’s try with Optional

public Optional<(String,String)> split (String s)

public Optional<(double, double)> parse((String, String) p)

public Optional<double> divide ((double, double) numbers)

@cesarTronLozai



Use case

public Optional<Double> myProgram(String s) {
final Optional<(String,String)> split = split(s):;
if (split.isPresent ()) {
final Optional< (double, double)> parse = parse(split.get()):;
if (parse.isPresent ()) {
final Optional<Double> result = divide (parse.get()):;
if (result.isPresent()) {
return result.get ()

}
}

}
return Optional.empty () ;

}

@cesarTronLozai



split
o

A4

X divide
s
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flatten g
ﬁ . \-/ ﬁ
f
\'/, e
map g
flatten
ﬁ

flatten o map (g) o f




split
o=t

parse
divide
o ——0,

divide >=> parse >=> split @

()




public Optional<Double> myProgram(String s) {
return split (s)

.flatMap (split -> parse(split))
.flatMap (parse -> divide (parse)) ;

@cesarTronLozai
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on Some
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~ Bypass on None =




Connecting switches

TTTTTTTTTTTT TR, TR

,,,,,







Composing switches

.>>. - .

Composing one-track fwnctions is fine..




Composing switches

.>>. B .

~ and composing two-track functions is fine..




Composing switches

. bwt composing switches is not allowed!




One-track input Two-track input

Two-track input Two-trackinput

me Suitable § %0 how can we convert from
composition e the "before” case 1o the

"after” case?



“Bind” is the answer!
Bind all the things!

TV ers oet excited by bind



Pyramid of doom: using bind

let bind f opt =
match opt with
| Some v -> f v
| None -> None

let example input =
let x = doSomething input
if x.IsSome then
let y = doSomethingElse (x.Value)
if y.IsSome then
let z = doAThirdThing (y.Value)
if z.IsSome then
let result = z.Value
~ Some result

else

None



Pyramid of doom: using bind

Let bind f opt =
match opt with
| Some v -> f v
| None -> None

let example input =
doSomething input
|> bind doSomethingElse
|> bind doAThirdThing
[RbANdI




When task

> fiif

n’ completes




let taskBind f task =
task.WhenFinished (fun taskResult ->
f taskResult)
ak.a “promise” “futwre”

let taskExample input =
let taskX = startTask input
taskX.WhenFinished (fun x ->
let taskY = startAnotherTask x
taskY.WhenFinished (fun y ->
let taskZ = startThirdTask y
taskZ.WhenFinished (fun z ->
z // final result



Pyramid of doom: using bind for tasks

let taskBind f task =
task.WhenFinished (fun taskResult ->
f taskResult)

let taskExample input =
startTask input
|> taskBind startAnotherTask
|> taskBind startThirdTask
|> taskBind ...




Use case without error handling

string UpdateCustomerWithErrorHandling()
{
var request = receiveRequest();
validateRequest(request);
canonicalizeEmail(request);
db.updateDbFromRequest (request);
smtpServer.sendEmail (request.Email)

return "OK";




Use case with error handling

string UpdateCustomerWithErrorHandling()
{
var request = receiveRequest();
var isValidated = validateRequest(request);
if (!isvalidated) {
return "Request is not valid"

canonicalizeEmail(request);
db.updateDbFromRequest (request);
smtpServer.sendEmail (request.Email)

return "OK";




Use case with error handling

string UpdateCustomerWithErrorHandling()

{

var request = receiveRequest();
var isValidated = validateRequest(request);
if (!isvalidated) {

return "Request is not valid"

canonicalizeEmail(request);
var result = db.updateDbFromRequest(request);
if (!result) {

return "Customer record not found"

}

smtpServer.sendEmail (request.Email)

return "OK";




Use case with error handling

string UpdateCustomerWithErrorHandling()
{

var request = receiveRequest();
var isValidated = validateRequest(request);
if (lisvalidated) {

return "Request is not valid"

canonicalizeEmail(request);

try {
var result = db.updateDbFromRequest(request);

if (!result) {
return "Customer record not found"

}
} catch {
return "DB error: Customer record not updated"

g ST, AN
return "OK";




Use case with error handling

string UpdateCustomerWithErrorHandling()
{

var request = receiveRequest();
var isValidated = validateRequest(request);
if (lisvalidated) {

return "Request is not valid"

canonicalizeEmail(request);

try {
var result = db.updateDbFromRequest(request);

if (!result) {
return "Customer record not found"

}
} catch {
return "DB error: Customer record not updated"

y.% . AL a17ALEYS
recurn \




A structure for managing errors

let validateInput input =
if input.name = "" then
) Failure "Name mqst not be blank"

L ema i1 S t‘h
nail must not be blank”

else
Success input // happy path




SendEmail

UpdateDb

.-y




Validate UpdateDb SendEmail

This is the "two track” model —
the basis for the "Kailway Oriented Programming’
approach to error handling,
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