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Evaluacia 2022

Pacilo sa mi nahliadnut na programovanie z ingj
strany. Pri tomto predmete sa mnohi museli
naucit' znova chodit respektive este horsie
zabudnut chodit’ a naucit’ sa to inak. Pacilo sa

mi tiez zadanie, ktoré bolo velmi prakticke a
unikatne.



Podmienky absolvovania

Zadanie: pocCas semestra (50 bodov, min. 20)
Riadny / opravny termin (50 bodov, min. 20)

Pozvana prednaska: povinna a vopred oznamena



Cvicenia

Niekolko “mensich” zadani poCas semestra

Vacsie zadanie: téma bude oznamena



Literatura
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Learn You a Haskell for Great Good!: A Beginner’s
Guide. Miran Lipovaca, 2011.

Thinking Functionally with Haskell. Richard Bird,
2014.

What | Wish | Knew When Learning Haskell.
Stephen Diehl, 2020.
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http://learnyouahaskell.com/chapters

Learn You a
Haskell for
Great Good!

A Beginner’s Guide

no starch

Miran Lipovaca



http://learnyouahaskell.com/chapters

Haskell Curry (1900-1982)

[ |

Americky matematik a logik
PhD student Davida Hilberta (1930)

Logika kombinatorov: prednaska A-kalkul (neskor)
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Programovacie paradigmy

Imperativhe programovanie
* Postupnost krokov

Deklarativhe programovanie

* Popisuje ziadany vystup vypoctu bez Specifikacie
potrebnych krokov (utdpia alebo realita?)
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Programovacie paradigmy

Imperativne programovanie

* Proceduralne programovanie
* OOP

Deklarativhe programovanie

~unkcionalne programovanie
_ogické programovanie

Databazové programovanie
SELECT * FROM customers WHERE age < 50;
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Funkcionalne programovanie

Funkcie su ,first-class citizen®, je ich mozné viazat

na premenne, pouzivat ako argumenty, je ich
mozneé vratit ako ostatné datoveé typy.

Funkcie mbdzu byt ,pure®, teda pre dané hodnoty
argumentov, vzdy vratia rovnaky vysledok.

Funkcie umoznuju kompoziciu.
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Programovacie jazyky

Fortran: 1954, John Backus (tiez Backus-Naur form)
Lisp: 1958, John McCarthy (tiez Al)

Algol: 1958, kolektiv autorov

Cobol: 1959, Short Range Committee

Basic: 1964, John G. Kemeny, Thomas E. Kurtz

C: 1972, Dennis Ritchie

C++: 1985, Bjarne Stroustrup

Java: 1995, James Gosling

PHP: 1995, Rasmus Lerdorf

Kotlin: 2011, JetBrains
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Funkcionalne prog. jazyky

Lisp: 1958, John McCarthy

ML: 1973, Robin Milner

Scheme: 1975, Guy L. Steele, Gerald Jay Sussman
Erlang: 1986

Haskell: 1990

Clojure: 2007, Rich Hickey

A tiez: C++, Kotlin, Python, Scala, Java...(lambda
funkcie)
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Haskell: Facebook

https://engineeri /gfb .com/2015/06/26/security/fighting-s
pam-with-haskell

“*One of our weapons In the fight against spam, malware,
and other abuse on Facebook is a system called
Sigma. Its job Is to proactively identify malicious
actions on Facebook, such as spam, phishing attacks,
posting links to malware, etc. Bad content detected by
Sigma is removed automatically so that it doesn’t show
up in your News Feed.

We recently completed a two-year-long major redesign

of Sigma, which involved replacing the in-house FXL
anguage previously used to program Sigma with
Haskell. The Haskell-powered Sigma now runs in
production, serving more than one million requests per
second.” 15



https://engineering.fb.com/2015/06/26/security/fighting-spam-with-haskell/
https://engineering.fb.com/2015/06/26/security/fighting-spam-with-haskell/
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Haskell: jobs

Linked m Jobs ¥ Haskell

™
Signin to create job alert )

935 Haskell Jobs in United States (47 new)

;‘:

galois

&

RAPS- 3>

Future Opportunities (Remote - Full Time)

Stack Builders
United States
@ Actively Hiring

2 months ago

summer Internship 2023
Trail of Bits
New York, NY

1 week ago

Software Engineering Research Intern
Galois, Inc.
Portland, OR

1 month ago

Administrative Assistant
The Haskell Company
Salt Lake City, UT

1 week ago

Data Scientist
RAPS Consulting Inc
Jersey City, NJ

@ Actively Hiring

1 month ago

/
United States Q Join now | signin \\
£ A

Job Type = Experience Level w On-site/Remote

R&D Engineer (Austin TX)

Imandra - Austin, TX

2 months age - (® Be among the first 25 applicants

@s b See who Imandra has hired for this role

D -

At Imandra we build tools For reasoning about algorithms. Qur technology
forms an integral part of our customers’ software development lifecycles, from
the design stage right through to analytics and monitoring of critical

production systems.

We are looking for strong R&D Engineers to help scale our products to the next

level.

We have a solid foothold in the financial sector, and we are now applying
Imandra's general purpose automated reasoning tools to other industries, to
help make producing correct software simpler and more accessible for

everyone.
If you're interested in finding out more about the Imandra reasoning engine,
check out our interactive technical docs at https://docs.imandra.ai/imandra-

docs/.

The Role
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Meta

Lin ked m Jobs ¥ Haskell Meta
Company v | salary v | ( JobType

£\ Get notified about new Haskell Meta jobs in United
States.

G : ™
[ Signinto create job alert )
. b d

1 Haskell Meta Jobs in United States

Security Engineer, Anti Scraping

m Meta

United States
$143,000 - $204,000
@ Actively Hiring

2 months ago

o You've viewed all jobs for this search

United States Q Joinnow | Signin

i

Reset

LEL]

N

Security Engineer, Anti Scraping
Meta - United States

2 months ago - 37 applicants

% See who Meta has hired For this role

Are you interested in solving complex problems that are geared towards
improving the privacy of people using Meta's family of apps? Do you have an

adversarial mindset and are excited about investigating and analyzing potential

Show more ~

Seniority level Employment type

Not Applicable Full-time

Job Function Industries

Information Technology Technology, Information and
Internet

% Referrals increase your chances of interviewing at Meta by 2x

|'/- h k \'I
L See who you know P,

N

17



C++: lambda

auto f = [J(int init) -> int { //bez capture
return ++init;

5

iInt (*f)(int) = [J(int init) {
return ++init;

%
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Notacia

Prefixova, tiez polska alebo tukasiewicz notacia

*+23
* (+) 2 3 (Haskell)

*(*)((-) 56) 7, teda (5 — 6) * 7 v infix notacii

Infixova, pomocou operatora
* 2 + 3 (a] Haskell)

Postfixova, tiez reverzna pols
* 2 3 + (hodnoty do registrov,

Ka notacia

notom nacitanie operacie)

19



Prefix vs infix (Haskell)

mod 5 3
5 " mod 3

myFunction xy =x*vy
myFunction 2 3
2 myFunction 3
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Vyraz

myScore X =
If Xx > 90 then "You got a A"
else iIf 80 < x && x < 90 then "you got a B"
else if 70 < x && x < 80 then "You got a C"
else if 60 < x && x < 70 then "you got a D"
else "You got a F"

Vyraz musime vyhodnotit, teda if musi mat then Cast,
ako aj else cast.

if-else v C/C++/Java nie je vyraz, ale statement/prikaz
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thunk

hunk je nevyhodnoteny vyraz, najma v kontexte
“lenive]” evaluacie

Lazy object v inych jazykoch, ako napr. Kotlin
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Evaluacila

Okamzita (eager)

* Int a = factorial(10); v C/C++ nastane okamzite
zavolanie funkcie a jej vyhodnotenie = 3628800

Leniva (lazy)

* let a = product [1..10], vypocCet nastane, ked evaluacia

bude
*[1..10],
*°[1..], ne

notrebna, mozno nikdy
Haskell zapis pre list 1, 2, ..., 10

Kkonecny list je OK, pretoze bude vyhodnoteny

len ak bude treba

* let a = product [1..], vyhodnotenie nastane neskor
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Polymorfizmus

Ad hoc

* pretazovanie funkcii, napr. +
Inclusion

* dynamické (neskoré) viazanie (virtualne metody)
Parametric

* skore viazanie (pocCas kompilacie, template v C++)
Coercion (implicitna typova konverzia)

* Implicitné pretypovanie napr. Int na Float (Haskell to
neumoznuje, ale...niekedy je odvodeny iny typ napr.
Num)

* konverzny konstruktor v C++
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Haskell

Purely functional

* Referencna transparentnost: vyraz je mozné nahradit

jeho vyhodnotenim, vSetky ,pure” funkcie su
referencCne transparentné. Referencna
transparentnost’ je Sirsi pojem ako Cista funkcia.

« Kazda ,pure” funkcia jazyka Haskell je funkcia v
matematickom zmysle

Statically typed
* Typ kazdého vyrazu je odvodeny pocas kompilacie

* Typ nie je potrebné uviest, bude odvodeny, ale je
lepSie ho uviest :)

* let a = 1 Aky typ bude odvodeny? Nie Int, ale Num.

25



RT vs leniva evaluacia

Referencna transparentnost (RT) je potrebna pre
lenivé vyhodnocovanie.

Ak odlozime evaluaciu vyrazu na neskorsie, je
potrebné, aby jeho vyhodnotenie teraz a neskor
bolo identické. A RT garantuje prave tuto
vlastnost.
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Side effect

Side effect nastane, ked funkcia cita a/alebo
modifikuje externé parametre (vonkajsi stav).

Priklad:

* Funkcia obsahuje 1/O

* Funkcia pouziva globalne premenné: v striktnom
zmysle Citanie globalnej premennej nie je side
effect, ale musime garantovat, ze Citanim
nenastane ziadna zmena externeho stavu, Co
nemusi byt garantovatelné

* Funkcia obsahuje rand(), pretoze vyziadanie
(pseudo-)nahodného Cisla zmeni stav generatora
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Pure funkcia

Pure funkcia neobsahuje side effect.

Int add(const int a, const int b) const { //C++
return a + b;

%

Metoda add() pre tie isté vstupné parametre vrati tu
Istu hodnotu, zaroven nemodifikuje stav objektu.
Pure funkcie sa daju optimalizovat, inlinovat, v
niektorych pripadoch aj evaluovat pocas
kompilacie.
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Haskell

Lazy (leniva evaluacia)
Pure funkcie

Immutable expressions: hodnota vyrazu sa po
evaluacii nemoze zmenit.

Garbage collection (a] vdaka immutable
expressions)
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Haskell

Haskell98
Haskell2010

“*Haskell 2010 is an incremental update to the
language, mostly incorporating several well-used
and uncontroversial features previously enabled
via compiler-specific flags.”

Zdroj: https://en.wikipedia.org/wiki/Haskell %28programming_language%?29#Haskell 2010
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Hackage, Stackage

Hackage: The Haskell Package Repository
https://hackage.haskell.org/

,Hackage is the Haskell community's central
package archive of open source software.”

Stackage: Stable Haskell package sets
https://www.stackage.org/

“A distribution of compatible Haskell packages from
Hackage that build together”

31


https://hackage.haskell.org/

cabal install PACKAGE

cabal insta
stack Iinsta

cabal pouziva Hackage

stack pouziva Stackage

| para
| para

cabal, stack

le
le
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Zakladné typy

() - The unit type (,,void*)

Char - A single unicode character

String - Strings

Text - Unicode strings

Bool - Boolean values

Int - Machine integers

Integer - GMP arbitrary precision integers

Float - Machine floating point values
Double - Machine double floating point values
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Parametrizované typy

[a] — List s elementmi typu a
(a,b) — Dvojica s elementmi typu a, b
(a,b,c) — Trojica s elementmi typu a, b,

1, 2] : OK
1, "hello"] : chyba, 2 rozdielne typy
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Hello, factorial

Int n = 10
unsigned long long fact = 1;
for(int i=1; i<n; ++i) {

fact *=1;

}

fact .. Integer -> Integer

fact0 =1
fact n = n * fact (n-1) -- leniva evaluacia??
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funkcia

add :: Int-> Int -> Int
add xXy=x+vy

add ma dva argumenty typu Int a vrati hodnotu typu
Int.

add 1 2 //vrati 3

add (1 2) alebo add (1, 2) je nespravne volanie
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Web stranka: https://www.haskell.org/ghc/
Instalacia: https://www.haskell.org/ghcup/

ghcup tui

Glasgow Haskell compiler

Tool Version Tags
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Stack
Stack
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https://www.haskell.org/ghc/
https://www.haskell.org/ghcup/

GNU Multiple Precision Arithmetic Library
sudo apt install libgmp3-dev

;S ghci
HCi, version 9.2.5: https://www.haskell.org/ghc/ :? for help

no location info>:
i .so: cannot open shared object file: No such file or director
It's OK if you don't want to use symbols from it directly.
(the package DLL is loaded by the system linker
wii.ch manages dependencies by itself).
ghci>
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Visual Studio Code

File Edit Selection View Go Run Terminal Help

Release Notes: 1.86.1 - Visual Studio Code

EXTENSIONS = Release Notes: 1.86.1 X

o (G January 2024 (version 1.86)

Haskell
Haskell language support powere... ¥ Show release notes after an update
Haskell
Update 1.86.1: The update addresses these issues.

Haskell Syntax Highlighting

Syntax support For the Haskell pro...
Justus Adam

Welcome to the January 2024 release of Visual Studio Code. There are many updates in this version that we hope you'll like, some of the key highlights include:

Per-window zoom levels - Adjust the zoom level For each window independently.
haskell-linter Hey Code voice command - Start a chat session with a voice command.
An extension to use hlint in vscode Multi-File diff editor - Quickly review diffs across multiple files in the diff editor.
Codviliocyey & Triggered breakpoints - Efficient debugging with breakpoint dependencies.
kel Expanded Sticky Scroll support - Sticky Scroll in tree views and notebooks.
Complete support for casual and e. Markdown paste options - Rich paste support for links, video, and audio elements.
ucL i) Flexible Auto Save options - Skip Auto Save on errors or save only for specific file types.
Source Control input - Customize commit input and per-language editor settings.
Extension notifications - Fine-grained control for disabling notifications per extension.

GitHub Copilot updates - Improved default context, add file as context, Al fixes.
IF you'd like to read these release notes online, go to Updates on code.visualstudio.com.
Insiders: Want to try new features as soon as possible? You can download the nightly Insiders build and try the latest updates as soon as they are available.
Accessibility

Alerts

PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL [D bash [D b D] @

drozda@singapore:~$

> RECOMMENDED
X @0A0 Wo




ghcl

ghci : Prelude interpreter

Command Shortcut Action

.reload :r Code reload

type t Type inspection

info 1 Information

load :I Setthe active Main module in the REPL
quit :g Leave ghci
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ghc : kompilator

ghc -O2 -Wall 1.hs

-O0 bez optimalizacie
-O1 -O2 s optimalizaciou

-Wall warnings, ale nie vSsetky

-dynamic dynamické linkovanie modulov (kratsi
spustitelny kod)
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Hello world!

main:: 10 ()
main = print "Hello world"

main:: 10 ()
main = do
print "Hello world"
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fact:: Integer -> Integer
fact0 =1
factn=n *fact (n - 1)

main:: 10 ()
main = do
let a = fact 1000
print a
return ()
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1.hs - Visual Studio Code

File Edit Selection View Go Run Terminal Help

@

EXPLORER

> NO FOLDER OPENED

b

®oAo

OUTLINE

Load GHCi

Run File

QuickCheck

1.hs x = Release Notes:

home » drozda » haskell »
fact::
fact
fact n * fact (n - 1)

main:: I0 ()
main do
let a = fact 1000
print a

return

OBLEMS  OUTPU DEBUG CONSOLE ~ TERMINAL [] HaskeltRun 4~ [0 @ ~ X

stack runhaskell "/home/drozda/haskell/1.hs"

drozda@singapore:~$ stack runhaskell "/home/drozda/haskell/1l.hs"
402387260077093773543702433923003985719374864210714632543799910429938512398629020592044208486969404800479988610197
196058631666872994808558901323829669944590997424504087073759918823627727188732519779505950995276120874975462497043
601418278094646496291056393887437886487337119181045825783647849977012476632889835955735432513185323958463075557409
114262417474349347553428646576611667797396668820291207379143853719588249808126867838374559731746136085379534524221
586593201928090878297308431392844403281231558611036976801357304216168747609675871348312025478589320767169132448426
236131412508780208000261683151027341827977704784635868170164365024153691398281264810213092761244896359928705114964
975419909342221566832572080821333186116811553615836546984046708975602900950537616475847728421889679646244945160765
353408198901385442487984959953319101723355556602139450399736280750137837615307127761926849034352625200015888535147
331611702103968175921510907788019393178114194545257223865541461062892187960223838971476088506276862967146674697562
911234082439208160153780889893964518263243671616762179168909779911903754031274622289988005195444414282012187361745
992642956581746628302955570299024324153181617210465832036786906117260158783520751516284225540265170483304226143974
286933061690897968482590125458327168226458066526769958652682272807075781391858178889652208164348344825993266043367
660176999612831860788386150279465955131156552036093988180612138558600301435694527224206344631797460594682573103790
084024432438465657245014402821885252470935190620929023136493273497565513958720559654228749774011413346962715422845
862377387538230483865688976461927383814900140767310446640259899490222221765904339901886018566526485061799702356193
897017860040811889729918311021171229845901641921068884387121855646124960798722908519296819372388642614839657382291
123125024186649353143970137428531926649875337218940694281434118520158014123344828015051399694290153483077644569099
073152433278288269864602789864321139083506217095002597389863554277196742822248757586765752344220207573630569498825
087968928162753848863396909959826280956121450994871701244516461260379029309120889086942028510640182154399457156805
941872748998094254742173582401063677404595741785160829230135358081840096996372524230560855903700624271243416909004
1536901059339838357779394109700277534720000000000000000000000000000000000000000000000000000000ROCEEREEEEEAEELERERE
0000000000000000000000ACOAORENAEAAEEEEAEACEEEEAEALNAANEAANEAAAREOACOAOAAENAEAANELEAAEALEAEAAEAAEAAEAEAAEAAANENAARAOAAD
000000E00PEAAEEEEACENAAEHAEAENALEAAEALEAEAGAEREEAEALANEARAREAA

drozda@singapore:~$ |J
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