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L Inguagens e Ambientes de Programacao 2024

1. Estudo de um novo paradigma: programacéao funcional
2. Estudo dos fundamentos das linguagens de programacao
3. A programacao funcional € o veiculo de comunicacao para as LP

4. Aprender Programacao Funcional com OCam|

5. Aprender muitas linguagens de programacao numa so:
- fazendo, e comparando.
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Porqué estudar linguagens de programacao”

Why (1): As linguagens de programacao sao a “nossa ferramenta’.

Why (2): Cada linguagem € apropriada a um estilo de programas e
sistemas. E preciso conhecer bem, para escolher melhor.

Why (3): As linguagens de programacao modernas usam/misturam
muitos conceitos diferentes (paradigmas).

Why (4): As linguagens também sao modelos precisos de raciocinio
(programas que simulam sistemas provam que eles sao possiveis).

Why (5): Desenhar novas linguagens € mais comum do que se pensa.

Why (6): Quem sabe o porqué das coisas, faz melhor.
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Porqué estudar programacao funcional (tipificada)?

Why (1): as LP funcionais tem uma semantica precisa
Why (2): os sistemas de tipos permitem raciocinios avancados
Why (3): sao linguagens sem interferencias e casos especiais
(e.g. visibilidade de nomes, aliasing, efeitos laterais, conversdes implicitas).
Why (4): ideais para compreender e desenhar outras linguagens
Why (5): imutabilidade de estado (& possivel raciocinar sem ser por debug).
Why (6): modularidade e composicionalidade
Why (7): abstracao de ordem superior (codigo geneérico).

Why (8): seguranca de tipos (nao ha nulls, ndo ha (tantos) erros de execucao).

Linguagens e Ambientes de Programacéo, NOVA FCT, © 2024, Jo&do Costa Seco



Concelitos de linguagens

e Sintaxe, semantica e pragmatica

* Linguagens declarativas vs linguagens imperativas

* Declaracéo e definicado de nomes (ligacédo, ambiente, ambito)
* Polimorfismo paramétrico e universal

* Abstracéo e parametrizacdo / Ligacao (closures)
 Modularidade e composicao

* Tipos algébricos (e indutivos)

e Sistemas de tipos (soundness), inferéncia de tipos (linguagens com ...)
* Raciocinio e correcao (testes vs verificacao)

 Modelo de execucao (stack based) - tail recursive

e Lazy vs Strict

e Estruturas de dados persistentes (why?)

» Estado, aliasing, etc. (pitfalls)

* Interpretadores e Compiladores (Just-in-time)
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Programacao Funcional em Java

Collections.sort(numbers, new Comparator<Integer>() {
@Override
public int compare(Integer nl, Integer n2) {
return nl.compareTo(n2);

})s

Collections.sort(numbers, (nl, n2) -> nl.compareTo(n2));

https://www.baeldung.com/java-functional-programming
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Programacé&o Funcional em C

#include <stdio.h>
#include <stdlib.h>

int values([] = { 88, 56, 100, 2, 25 };

int cmpfunc (const void * a, const void * b) {
return ( x(intx)a - *x(intx)b );

int main () {
int n;
printf("Before sorting the list is: \n");
for( n =0 ; n<5; nt+ ) {

printf("sd ", values[n]);

gqsort(values, 5, sizeof(int), cmpfunc);
printf("\nAfter sorting the list is: \n");

for( n =0 ; n<5; nt+ ) {
printf("sd ", values[n]);

return(0) ;

. . https://www.tutorialspoint.com/c_standard_library/c_function_qgsort.htm
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Programacao Funcional em Scala

ChessPiece(color: Color, name: Name)
rook = ChessPiece(White, Rook)

Color
Wh1ite Color
Black Color
Name
Pawn Name
Rook Name
Knight Name
Bishop Name
Queen Name
King Name

isTheMostImportantPiece(c: ChessPiece): Boolean

ChessPiece(_, King) => true
_ => false
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Programacao runcional em Java >= 17

Object o = ...; // any object
String formatted = null;
1f (o instanceof Integer 1) {
formatted = String.format("int %d", 1);
} else 1f (o instanceof Long 1) {
formatted = String.format("long %d", 1);
} else if (o instanceof Double d) {
formatted = String.format("double %f", d);

} else {

formatted = String.format("Object %s", o.toString());

Object 0o = ...; //

String formatter =
case Integer 1
case Long 1
case Double d
case Object o
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any object
switch(o) {

->
->
->
->

String.format("int %d", 1);
String.format("long %d", 1);
String.format("double %f", d);
String.format("Object %s", o.toString());

https://dev.java/learn/pattern-matching/



Programacéo Funcional em JavaScript

originalArray = [1, 7, “1;

newArray = [

person = {

updatedPerson =

add = (x, y) => X +
square = (X) => X

compose(

COMpOS functions) {
(input)

functions.reduceRight((acc, fn)
1nput);

¥

addAndSquare = compose(square, add);

a / / ‘-.:""‘|| I'!F.:,’l]
. // 49

console. logCaddAndSquare(-,
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)

person,

fnCacc),

originalArray, “];

nhumbers = [,

uble = (num)
1sEven = (num)

result = numbers

.map(double)
.filter(isEven)
.reduce((acc, num)

ConSOIe.lficreSult); ﬁﬁ li

https://hackernoon.com/functional-programming-with-javascript-a-deep-dive 13



Programacao Funcional (reactiva) em ReactdS

const BooksList = () => {

const [books, setBooks] = useState<Book[]>([])
const [selected, setSelected] = useState<number | undefined>(undefined)

const [inputTitle, searchTitle, setSearchTitle] = useInput("", "Search Title")
const [inputAuthor, searchAuthor, setSearchAuthor] = useInput("", "Search Author")

const loadBooks = () => {
fetch("/books.json")
.then(response => response.json())
.then(data => setBooks(data))

}
useEffect(loadBooks, [])

const filteredBooks = books.filter(b => b.title.includes(searchTitle) && b.author.includes(searchAuthor))

return <div>

{inputAuthor}

{inputTitle}

<BooksListView books={filteredBooks} selected={selected} setSelected={setSelected} />
</div>

}
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L IVro de texto

o OCaml Programming:

Correct + Efficient + Beautiful

o Cornell University
e Michael R. Clarkson et al.

e Online resources
(book, exercises, videos)
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DCaml Programming
Correct + Efficient + Beautiful

Preface

About This Book

Installing OCaml

Introduction

1. Better Programming
Through OCaml

2. The Basics of OCaml

OCaml Programming

3. Data and Types

4. Higher-Order
Programming

5. Modular Programming

Correctness and Efficiency

6. Correctness

7. Mutability

~ ~ . ~

= O X 20 Q

OCaml Programming: Correct +
Efficient + Beautiful

A textbook on functional programming and data structures in OCaml, with an emphasis on
semantics and software engineering. This book is the textbook for CS 3110 Data
Structures and Functional Programming at Cornell University. A past title of this book was
“Functional Programming in OCaml",

Spring 2024 Edition.

Videos. There are over 200 YouTube videos embedded in this book. They can be watched
independently of reading the book. Start with this YouTube playlist.

Authors. This book is based on courses taught by Michael R. Clarkson, Robert L.
Constable, Nate Foster, Michael D. George, Dan Grossman, Justin Hsu, Daniel P.
Huttenlocher, Dexter Kozen, Greg Morrisett, Andrew C. Myers, Radu Rugina, and Ramin
Zabih. Together they have created over 20 years worth of course notes and intellectual
contributions. Teasing out who contributed what is, by now, not an easy task. The primary
compiler and author of this work in its form as a unified textbook is Michael R. Clarkson,
who as of the Fall 2021 edition was the author of about 40% of the words and code
tokens.

Copyright 2021-2024 Michael R. Clarkson. Released under the Creative Commons

Attribution-NonCommercial-NoDerivatives 4.0 International License.

CI) &v-Ne-No |

Next
About This Book
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https://cs3110.github.io/textbook/cover.html
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Ferramentas de laboratorio

* Interpretador de OCaml + utop i

 Compilador de OCaml: ocamlc + make/dune

e [rabalho com Visual Studio Code + OCaml Extension
» Exercicios com Jupyter Notebook + OCaml kernel + VSCode
e [rabalhos através do GitHub Classroom

o Correcado automatica dos trabalhos (mooshak ou outro equivalente)

guagens e Ambientes de Programacéo, NOVA FCT, © 2024, Jo&do Costa Seco
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Funcionamento

e Aulas tedricas com conceltos,
discussao e exemplos.

* Aulas praticas com exercicios
e apolo a projeto.
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Programa
O plano para as aulas tedricas € o seguinte:

Semana Data Topicos

1 6/3 ApresentagNéo. Logistica e avaliagao. A histéria e o futuro das linguagens de
programacao.

1 713 P‘rogramagéo funcional. A,Iir?guagem OCaml. Expressodes, Variaveis e tipos. Funcdes
biblioteca. Input/Output basico.

1 P Instalagcao das ferramentas. OCaml, Jupyter, VSCode + plugin.

- 13/3 De.fi?i.géo de Fungdes. O tipo fungao. Pré e pds condigdes. Assergoes e testes
unitarios.

2 14/3 Fungdes como valores. Composi¢ao. Polimorfismo. Inferéncia de tipos.

2 P Exercicios

3 20/3 Funcdes recursivas sc?bre naturais. Execucgao por substituicao. Pensamento Indutivo
vs. pensamento Iterativo.

3 21/3 Tipos estruturados: produtos e registos. Exercicios.

3 P Exercicios

4 27/3 Tipos estruturados: tipos algébricos, pattern matching. Exercicios.

4 28/3 Férias

4 P Exercicios

5 3/4 Tipos estruturados: Listas e fungdes recursivas sobre listas. Exercicios.

5 4/4 Programacao de ordem superior: map e fold. Exercicios.

5 P Exercicios. Entrega do primeiro trabalho (5/4).
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Avallacao

 Componente laboratorial

3 projetos (P1', P2’, P3’)

* D1 -Discussao P1(30min) - 27 de Abril*

e D2, D3 = Discussao P2, P3 (1h) - 3 de Junho*

e Pi=min(Pi’, Di)

e CompL=025xP1+025xP2+0.5xP3, CompL >=9.5
 Componente teodrico-pratica

e 1°Teste - T1(1n30) - 27 de Abril*

e ?2°Teste -T2 (1h30) - 3 de Junho*

e Exame - Ex (2h30) - ?

e ComplP=(T1+T12)/20ouComplP =Ex, ComplTP >= 9.5

" C,
Linguagens e Ambientes de Programacao, NOVA FCT, © 2024, Joao Costa Seco datas Provisorias 19



Nota sobre Ferramentas de Inteligéncia Artiticial

* As ferramentas de |A € permitida nos projetos e exercicios da aula e proibida
NOS testes escritos e discussoes.

O uso de ferramentas de |A tém de ser explicitamente referidas no codigo e
relatorio que for entregue.

 Considera-se que um aluno gue use estas ferramentas durante a realizacao
de um exercicio de avaliacao ou projeto e omita que as usou comete plagio.

"Analysis shows that, when prompted, 52 percent of ChatGPT answers to
programming questions are incorrect and 77 percent are verbose. *

https://www.forbes.com/sites/garydrenik/2023/10/18/ai--low-code-can-the-two-work-harmoniously-to-democratize-coding-for-developers/
Linguagens e Ambientes de Programacédo, NOVA FCT, © 2024, Jodo Costa Seco 20
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Lin

Alonzo Church (1903 - 1995)

* A linguagem de programacao fundamental

e O sistema formal calculo Lambda

E:=2z| \e.F | FE

E — E"”

(Axv.E) E' — E{E"/x} TR

 Provou a impossibilidade de resolver o
Entscheidungsproblem (problema de decisao)

guagens e Ambientes de Programacéo, NOVA FCT, © 2024, Jo&do Costa Seco
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Alan Turing (1912 - 1954)

A maquina de Turing
e O primeiro computador (WWII)
* A Indecidibilidade do "halting problem”.

* Prova que o calculo lambda € lTuring
complete.

Linguagens e Ambientes de Programacéo, NOVA FCT, © 2024, Jo&do Costa Seco
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John McCarthy (1927 - 2011)

* Alinguagem LISP (1960) e garbage collection
e LISP = LISt Processor
e Juring award 1971

. LISP jainclufa :

e Estruturas de dados em arvore
 (Garbage collection
* Tipiticacao dinamica

 FuncOes de ordem superior

e Recursao

« Um REPL

Linguagens e Ambientes de Programacao, NOVA FCT, © 2024, Joao Costa Seco



John Backus (1924 - 2007)

e Fortran (1966), BNF e FP
« Comité do ALGOL 58, e ALGOL 60

e Juring award 1977
 FP (Point Free Style) - 1977

Can Programming Be Liberated from the von
Neumann Style? A Functional Style and Its

Algebra of Programs

John Backus

IBM Research Laboratory, San Jose O estilo Point Free ndo usa 0s nomes dos parametros
e define fungdes sO por composICao.

Conventional programming languages are growing
ever more enormous, but not stronger. Inherent defects
at the most basic level cause them to be both fat and
weak: their primitive word-at-a-time style of program-
ming inherited from their common ancestor—the von f = (+ 1 ) f x=x + 1
Neumann computer, their close coupling of semantics to
state transitions, their division of programming into a
world of expressions and a world of statements, their
inability to effectively use powerful combining forms for
building new programs from existing ones, an(gi their lack sum = foldr ( + ) 0 sum' xs = foldr ( + ) 0 xs
of useful mathematical properties for reasoning about
programs.

N

Linguagens e Ambientes de Programacéo, NOVA FCT, © 2024, Joao Costa Seco https://wiki.haskell.org/Pointfree
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Peter Landin (1930 - 2009)

 Maqguina SECD para linguagens funcionais

» Stack, Environment, Control, Dump

* Registos de pilhas e uma lista associativa (Environment)

* [nstrucodes: nil, Idc, |d, sel, join, Idf, ap, ret, dum, rap

The Next 700 Programming Languages

P. J. Landin
Univac Division of Sperry Rand Corp., New York, New York
“ . .today ... 1,700 special programming languages used to ‘com-

municate’ in over 700 application areas.”’—Computer Software Issues,
an American Mathematical Association Prospectus, July 1965.

A family of unimplemented computing languages is de- differences in the set of things provided by the library or
scrikbed that is intended to span differences of application area operating system. Perhaps had Arncor 60 been launched
by a unified framework. This framework dictates the rules  as a family instead of proclaimed as a language, 1t would
ckout the uses of user-coined names, and the conventions have fielded some of the less relevant criticisms of its

about characterizing functional relationships. Within this frame- deficiencies.

Linguagens e Ambientes de Programacé&o, NOVA FCT, © 2024, Jodo Costa Seco https://en.wikipedia.org/wiki/Peter_Landin 27



Edsger W. Dijkstra (1930 - 2002)

Turing award 1972

* Definiu a nocao de structured programming

Sem saltos

Blocos de programa aninhados

* Implementou o primeiro compilador de ALGOL

Edgar Dijkstra: Go To Statement Considered Harmful

‘ Go To Statement Considered Harmful

branch instruction, conditional clause, alternative clause, repet-
. itive clause, program intelligibility, program sequencing

. CR Categories: 4.22, 5.23, 5.24 -

- EDITOR:

¢  For a number of years I have been familiar with the observation
* that the quality of programmers is a decreasing function of the

E, density of go to statements in the programs they produce. More

'~ recently I discovered why the use of the go to statement has such

~ \ R R ) L

( Key Words and Phrases: go to statement, jump instruction,

dynamic progress is only characterized when we also give to which
call of the procedure we refer. With the inclusion of procedures
we can characterize the progress of the process via a sequence of

‘textual indices, the length of this sequence being equal to the

dynamic depth of procedure calling. | |
Let us now consider repetition clauses (like, while B repeat A

or repeat A until B). Logically speaking, such clauses are now

superfluous, because we can express repetition with the aid of
recursive procedures. For reasons of realism I don’t wish to ex-
clude them: on the one hand, repetition clauses can be imple-
mented quite comfortably with present day finite equipment; on

Linguagens e Ambientes de Programacao, NOVA FCT, © 2024, Joao Costa Seco




Tony Hoare (1934)

e Juring Award 1980

o Contribuicbes em:

* Linguagens de Programacéao (ALGOL)
* Algoritmos (Qsort)
» Sistemas operativos (Monitors)

* \erificacdo formal de programas (HL)

* programacao concorrente (CSP)

 “Null Reterences: The Billion Dollar

Mistake”

Linguagens e Ambientes de Programacao, NOVA FCT, © 2024, Joao Costa Seco
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The ALGOL Family

* Linguagem Imperativa concorrente com doghiag i

multiplos paradigmas. Algol 68

e [ipificacao forte Eatws

A L G 0 A vanWyngaarden, B .J Malioux,
& JE.LPock G H.A Koster, M Sintzot!.
A LANGUAG CHUndsey. LG LT Meertons and

* Objectos g e

DAVID M. BLOY
ROBERT 1. B
ARTHUR EVAR
RICHARD & G

e Null references N

! Springer-Verlag
. Berfin - Heidelberg-New York

2
.

Top: John McCarthy, Fritz Bauer, Joe Wegstein. Bottom: John Backus, Peter Naur, Alan Perlis

Linguagens e Ambientes de Programacéo, NOVA FCT, © 2024, Joao Costa Seco https://www-formal.stanford.edu/jmc/pictures.html L —
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| decemberel 1,1996 P february 6, 1998 > ISEzlgbflfel 5
P%I;ISFI PHP 2.0 » . PHP 3.0 PHP 4.0 PHP 4.1.0 p PHP42.0 PHP4.22
Sather 1.0 / »  Sather L1 nov. 13,1997 june 6, 1998 Sather 1.2.1 may 22, 2000 december 8, 2001 april 22,2002~ july 22,2002
mid-1994 / september 1995 november 4, 1999
Perl 5.005_50
Perl 5.000 : = Perl 5.6.0 Perl 5.7.0 Perl 5.8.0
october 18, 1994 july 26,1998 march 28, 2000 P> September 2, 2000 B> iuly 18, 2002
Objective Caml Iy ’ ’ ’ ’ ’
0O’Caml 1.0.7 0’Caml 2 O’Caml 3.00 O’Caml 3.02 0O’Caml 3.03 _ O’Caml 3.04 O’Caml 3.05
1996 december 11, 1997 1998 P> june 2000 P> July 30, 2001 dec 10,2001 P dec 12,2001 P> july 29,2002 P
Visual Basic 4.0 Visual Basic 5.0 Visual Basic 6.0 VB.NET
P> september 1995 P> april 1997 june 16, 1998 P> (Visual Basic7.0) — ®
2001
Common Lisp ANSI
december 8, 1994 >
Scheme R°RS
/ Haskell 1.3 Haskell 1.4 > 1998 Haskell 98
7 »> may 1996 > april 1997 gy g7 »> february 1999
7 > 1997 ————» Uni
nicon
> 2001 >




2003 2004

2005

PostScript level 3 PostScript level 3
- v 3016 - v 3017
2003 september 11, 2005
Tcl/Tk 8.4 Tel/Tk 8.4.1 Tcl/Tk 84.2 Tcl/Tk 8.4.3 Tcl/Tk 8.4.4 Tcl/Tk 84.5 Tcl/Tk 8.4.6 Tcl/Tk 847 _  Tcl/Tk 84.8 Tcl/Tk 8.4.9 Tcl/Tk 84.11
september 10,2002 P october 22,2002 ™ march 3,2003 > may 20, 2003 B> uly 22,2003 > lovember 24, 2003 »> march 1,2004 B> .uly 25,2004 ™ nov. 22,2004 ™ december 7,2004 P june 28,2005
- For(t;ra:ff)000 > Fortran 2003
September 30, 2002 november 30, 2004
M ISO
. —
Delphi 7 Delphi 8 Delphi 2005 january 6, 2005 » D
august 6, 2002 november 2003 november 2004 octe
Python 2.2.2 Python 2322 _ , Python223 Python 2.3 p Python23.1 Python 2.3.2 p Python233 p Python2.34 Python 2.4 Python 2.4.1 p Python242
P> october 14, 2002 feblyuary 19, 2003 may 30, 2003 > july 29,2003 september 23,2003 ™ october 3,2003 december 19, 2003 may 27,2004 > ovember 30,2004 > march 30, 2005 september 28, 2005
> COBOL 2002 ISO/ANSI
december 2002
- Ada 2006 (draft)
- C# C#2.0 2005
IS0O) (beta) m
march 28, 2003 \ 7 july 2003 ‘&» ?beig
september 2005
Java 2 (v6.0 beta)
december 2004
—>
/ . C++03 ISO/IEC \ /
2003
\ ECMAScript edd (draft) / \
g 2002
Java 2 Java 2 (v1.4.1_03) 2 (v1.5.0) (beta 1 Java 2 (v5.0) (beta 2) Java 2 (v5.0 Java 2 (v5.0 update 3)
) —p Java2(vld.l) > (v14.1.02) / P> june 11,2003 ——9 T s e june 28, 2004 b (30 22)04 > april 28,2005
september 2002 february 27, 2003 k Java2 (v14.2) / ! ’ Java 2 (v14.2_01) Java2 (v142 02) _ java2(v1.4.2_03) feb. 5, 2004 J . v ezr 1.42_06
’ april 29, 2003 » "august 26,2003 % "october 22,2003 P december 13. 2003 Java2(vi4.2_04) = Java 2 (vi.32°05) AN )
Ruby 1.68 / > Rubyls$ > Ruby 1.8.1 march 8, 2004 Jjune 30, 2004 november 23, 2004 Ruby 1.82 - Ruby 1.8.3 o
december 24, 2002 august 4, 2.003 december 2.5 ’.2003 december 25 R 2004 September 21 , 2005
Self 4.1.6 > Self 4.2.1
september 2002 april 3,2004 ECMA Eiffel
422 PHP4.23 43.0 PHP 4.3.1 PHP 43.2 PHP 433 PHP 4.35 PHP4.36 _ PHP4.37 PHP 4338 PHP 43.10 June 2005
. . PHP 4.3. . . PHP 4.34 . X e . . PHP 44.1 ]
E—— — — — . — . —
, 2002 september 6, 2002 december 27, 2002 feb. 17,2003 R may 29, 2003 > august 25, 2003 november 3, 2003 - ma;ggzi26’ 31’21'(1)10 }15’ leu(‘)%j’ july 13,2004 december 15, 2004 > october 31, 2005
'PHP 5.0.0 PHP 5.0.3 PHP 5.0.4 PHP 5.0.5
july 13,2004 ———» december 15,2004 ——— april 3,2005 — P september 6,2005 ——
Perl 5.8.1 - Perl 5.82 » Perl 58.3 > Perl 5.84 Perl 5.8.5 > Perl 58.6 Perl 5.8.7
september 26, 2003 november 5, 2003 january 1, 2004 april 23, 2004 >july 21,2004 november 30, 2004 > june 3, 2005
nl 3.05 O’Caml 3.06 0O’Caml 3.07 0O’Caml 3.08.0 O’Caml 3.08.2
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PostScript level 3
- v 3017
september 11, 2005

Tcl/Tk 84.11 Tecl/Tk 8.4.12

2006

Tecl/Tk 8.4.13 Tcl/Tk 8.4.14

> june 28, 2005 P> december 6, 2005

Tcl/Tk 8.4.15
P> april 19,2006 ™ october 19, 2006 P> Inay 25,2007

2007

Tcl/Tk 8.5
december 20, 2007

2008

Tcl/Tk 85.5 Tcl/Tk 8.5.6

P> october 15,2008 — ™ january 2009

2009

Tecl/Tk 8.5.7

P> april 15,2009

) .
’ Delphi 2006 p Delphi 2007
october 30, 2005 march 2007
'ython 2.4.1 Python 2.4.2 Python 2.5 Python 2.5.1

arch 30, 2005 september 28, 2005

Python 3.0a2

/——> december 7, 2007

Delphi 2009
P> august 2008
p Python 3.0
december 3, 2008
Python 2.6 Python 2.6.1

>september 19, 2006 P> april 19,2007

Python 3.1

thon 3.0.1
vy P> iune 27,2009 ~

february 13, 2009

Python 2.6.2
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E] - C#20
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september 2005 november 6, 2006 november 19, 2007
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Objective-C 2.0 december 11,2006 july 5,2007 july 11,2008 december 2, 2008 june 10,2009
august 7, 2006
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Java 2 (v5.0 update 3) Java 2 (v5.0 update 8) Java 2 (v5.0 update 12) Java 2 (v5.0 update 16) Java 2 (v5.0 update 17)
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p Ruby183 Ruby 1.8.4 p Ruby185 p Ruby18.6 Ruby1.87 U 11,2008 december 2, 2008 . Ruby19.1
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PHP 44.1
october 31, 2005
HP 5.0.4 PHP 5.0.5 .
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— p» Perl587

june 3, 2005
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®> june 30,2006 >
PHP 442 PHP 44.4 PHP 4.4.7 PHP 44.8 PHP 4.49
january 13,2006 T august 17, 2006 »> may 3,2007 january 3,2008 P august 7,2008 ~ ®
PHP 5.16 PHP 52.0 PHP 523 PHP 524 PHP5.25 PHP5.2.6 PHP 5.2.7 PHP 5.28 PHP 52.9 PHP 5.3
perl 5.85 B> august 24,2006 — P 5vember 2,2006 ™ may 31,2007 ™ august 30,2007 ™ novembc;’r 9i %010(;/ ®> may 1, 2008 > december 4, 2008 ™ december 8, 2008 february 26, 2009 ~® junc 30,2000
erl . erlD.
february 2, 2006 december 18, 2007
- O’Caml 3.092 O’Caml 3.10.0 0O’Caml 3.10.2 O’Caml 3.11.0 O’Caml 3.11.1

april 14, 2006 P> may 16, 2007

Scheme R°RS (draft)

Scheme R°RS

> september 14, 2006

august 28, 2007 >

P> february 29, 2008 P> december 4, 2008

P> Sune 12, 2009




2009

Tecl/Tk 8.5.7

2010

Tcl/Tk 8.59

> april 15, 2009

2011

Tecl/Tk 8.5.10

september 8, 2010
Fortran 2008

> september 2010 -

3.0.1 Python 3.1
3. 2009 B> iune 27,2009
Python 2.6.2

> april 14, 2009

Tcl/Tk 8.5.11

P> June 24,2011

-

2012

Tecl/Tk 8.5.12 Tcl/Tk 8.6.0

november 4, 2011

P> 1y 27,2012 ™ december 20,2012

Python 3.3.0

2013

Python 3.32

P> september 29, 2012

P> may 15,2013

Python 2.75

> vt 2000 —
> Python 3.2 Python 3.2.1
february 20, 2011 P> july 11,2011
Python 2.6.3 Python 2.7 thon 2.7.1 Python 2.7.2
»> october 2,2009 B july 4,2010 novlz,ymber 27.2010 ™ june 12,2011

P> may 15,2013 — >

Python 3.3.3

november 13,2013

Swift

2010

i

Java 6 update 14
P> iune 10, 2009

—p» Java 2 (v5.0 update 18)

march 24, 2009

PHP 52.9 > PHP 5.3

Ada 2012
Java7 Java 7 update 3 Java 7 update 7 december 15,2012 Java 7 update 25 Java 7 upd
july 28,2011 february 15, 2012 august 30, 2012 june 18,2013 january 14
C#4.0 C#5.0
april 12,2010 / - ISO/IEC C (C11) august 15,2012
/ / / / Java 6 update 26 december 8,2011 Java 6 update 51
Objective-C 2.1 / / / june 7,2011 june 18,2013
p august 28,2009 .
/ ISO/IEC C++
> C++1x draft - (C++11)
july 22,2009 ECMAScript ed5 // ECMAScript ed5.1 august 12,2011
P> december 2009 > june 2011
p Java2 (v5.0update2l)
september 11, 2009
Ruby 1.9.2 preview 1 Ruby 1.9.2 Ruby 19.3 Ruby 2.0.0
) 9. y 1. uby 2.0. Ruby 2.1.0
P july 18,2009 >august 18,2010 P> october 31 ,2011 - february 24,2013 - december 25, 20

PHP 5.3.5

bruary 26, 2009 june 30, 2009

Perl 5.11.0 Perl 5.12.0 january 6, 2011

O’Caml 3.11.1

october 2, 2009 april 12,2010
0’Caml 3.12.0

P> une 12, 2009

PHP 5.3.6 PHP 5.4.0 PHP 55.1
march 17,2011 P> march 1, 2012 > july 18,2013
p Perl 5.14 Perl 5.16 p Perl 5.18
june 8,2011 may 20,2012 may 18,2013
0’Caml 3.12.1 OCaml 4.00.1

> august 2, 2010

Haskell 2010 Haskell HP 2010.2.0.0

> iuly 4, 2011

Haskell HP 2011.4.0.0

P (announced) > july 2010
november 2009

december 2011

october 5, 2012

0OCaml 4.01.0
september 12, 2013



2013

2014

Tecl/Tk 8.6.3

2015

Tcl/Tk 8.6.4

2016 2017

Tcl/Tk 8.6.5 Tcl/Tk 8.6.6

P> Lovember 12, 2014 P> march 12, 2015 ®> february 29,2016 > july 27, 2016 -
n332 Python 333 p Python34o0 _  Python3d.l Python 34.3 Python 3.5 Python 3.6.0
5,2013 november 13, 2013 march 17,2014 may 18,2014 february 25,2015 >septembre 13,2015 >december 23,2016
12.7.5
,2013 »
COBOL 2014 ISO/CEI
june 2014
Swift 1.0 - Swift 1.1 Swift 1.2 > Swift 2.0 Swift 2.2 > Swift 2.3 - Swift 3.0 Swift 3.1
september 9, 2014 october 22,2014 - april 8,2015 june 8,2015 april 21,2016 june 12,2016 sept. 13,2016 > march 27,2017
Java 8 update 51 Java 8 update 92
Java 8 Java 8 update 25 . .
/—> march 18, 2014 october 14, 2014 p july 14,2015 B april 19,2016
P Ada2012TC1 —>
ndate 25 Java 7 update 51 Java 7 update 72 february 1,2016
L2013 january 14,2014 october 14,2014 —®>
. C#6.0 C#7.0 -
july 20,2015 march 2017 auy
date 51 Java 6 update 81
2013 > uly 15,2014 »
> ISO/IEC C++ (C++14)
december 15,2014 ECMAScript ed6 ECMAScript ed7 ECMAScript ed8
june 2015 june 2016 P> june2017
Ruby 2.1.0 Ruby 2.14 Ruby 2.2.2 Ruby 2.4
P> december 25, 2013 P> october 27, 2014 »> april 13,2015 P> december 25,2015 P> december 25, 2016
PHP 7.1
december 3, 2015 december 1,2016
PHP 5.5.1 PHP 5.6.11
ly 18,2013 decell’nfgj-g-‘;m A » july 10,2015
> Perl 520 i p Perl 522 p Perl5.24 > Perl 5.26
may 27,2014 june 1,2015 may 8, 2016 may 30, 2017
OCaml 4.01.0 OCaml 4.02.0 OCaml 4.03.0 OCaml 4.04.2 oC
september 12,2013 P> august 2014 P> april 2016 P> june 23,2017 » jul



2017

Tcl/Tk 8.6.7
august 9, 2017

L

Python 3.6.3

Tcl/Tk 8.6.8
december 22,2017

2018

2019

Tecl/Tk 8.6.9

Python 3.7.0

october 3,2017

november 16,2018

Tecl/Tk 8.6.10

november 21,2019

Python 3.7 4

P> iune 27,2018

B july 8,2019 ——® october 14, 2019

Python 3.8.0

_>

2020

Python 3.9.0

P> october 5,2020 — P>

. Swift 4.1 . : Swift 5.2 Swift 53
Swift 4.0 . Swift 5 Swift 5.1 w Wi —
17 september 19, 2017 P> april 29,2018 march 25, 2019 april 19,2019 > march 24,2020 P> september 16,2020
Java 13 Java 14 Java 15
> Java 9 Java 10,0 - Javall Java 12 > > .
september 21,2017 april 20,2018 september 25, 2018 march 19,2019 september 2019 march 2020 september 2020
C#73 C# 8.0 C#9.0
>au gugt#lzl.l20 17 > febru C# ;02 2018 P> may7,2018 P> september 2019 P> september 2020 >
’ == > ISOIECC (C17) —»
june 2018
ISO/IEC C++ (C++17)
- P  december 1,2017 — .
ECMAScript ed8 ECMAScript ed9 ECMAScript ed10 ECMAScript ed11
™ june 2017 > june 2018 > june 2019 > june 2020 >
Ruby 24.2 Ruby25.0 5  Ruby25.1 Ruby 2.6 Ruby 2.6.3 Ruby 2.7.0 Ruby3.00 __ 5
sept. 14,2017 dec. 25,2017 march %g, 2018 >decembery25, 2018 april 17,2019 P> Gecember 25,2019 december 25, 2020
PHP 7.2 PHP 7.3 PHP 738 PHP 7.4.12
®> november 30,2017 december 6. 2018 B> july 30,2019 B> october 29, 2020 -
Perl 6 2018,04 Perl 6 2018,06
may 7,2018 —® june 27,2018 — Perl 5.32.0
erl 5.26 Perl 5.26.1 Perl er .
30,2017 september 22, 2017 > m;’;zifz%‘l’g P> june 21,2020 — >
OCaml 4.04.2 OCaml 4.05.0 OCaml 4.06.0 OCaml 4.07.0 OCaml 4.08.0 OCaml 4.09.0 OCaml 4.11.0

> june 23,2017 — P juiy 13,2017 november 3, 2017

> uly 10,2018

P> june 14,2019 P> eptember 18,2019

OCaml 4.10.0 -
february 20, 2020
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