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Introduction - What is a
programming language?

e Many definitions

e A programming language is a machine-readable
artificial language designed to express
computations that can be performed by a
machine, particularly a computer.

e Programming languages can be used to create
programs that specify the behavior of a machine,
to express algorithms precisely, or as a mode of
human communication.

o Wikipedia — Programming languages
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Introduction - Definitions

e Function — alanguage used to write computer programs, which involve a
computer performing some kind of computation or algorithm.

e Target - Programming languages differ from natural languages, they are build to
allow humans to communicate instructions to machines.

Some programming languages are used by one device to control another.

e Constructs - Programming languages may contain constructs for defining and
manipulating data structures or controlling the flow of execution.

e Expressive power - The theory of computation classifies languages by the
computations they are capable of expressing.
*  All Turing complete languages can implement the same set of algorithms.

ANSI/ISO SQL and Charity are examples of languages that are not Turing complete, yet often
called programming languages.

e Sometime is term "programming language" restricted to those languages that
can express all possible algorithms.
« Sometimes the term "computer language" is used for more limited artificial languages.

e Non-computational languages, such as markup languages like HTML or formal
grammars like BNF, are usually not considered programming languages.
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History — First Languages

Theoretical beginnings - 30s
e Alonzo Church -lambda calculus — theory of computations
e Alan Turing — show that a machine can solve a “problem”.

e John von Neumann — defined computer’s architecture (relevant even
for today’s computers).

Around 1946 Konrad Zuse — Plankalkul

e Used also for a chess game

e Not published until 1972, never implemented

1949 John Mauchly - Short Code

e Firstlanguage actually used on an electronic device.
e Used for equations definition.

e “hand compiled" language.

1951 Grace Murray Hopper
e Enforcement of usage of high level programming languages.
e Work on a design of first compiler.
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History — First Compilers

Term “compiler”

e early 50s - Grace Murray Hopper

e Program’s compilation like a “compilation” of sequences of programs
form a library.

e “automatic programming” — compilation in today’s meaning assumed to
be impossible to perform.

1954-57 FORTRAN (FORmula TRANSslator)

e John Backus, IBM

e Problem’s oriented, machine independent language

e Fortran shows advantages of high level compiled programming
languages.

e Ad hoc structures — components and technologies were work out during
development

e That day’s people believes compilers are to complex, hard to
understand and very expensive. (18 humans years —one of the
greatest projects of that times)
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History — FORTRAN

Q

Function computing a factorial

aa

INTEGER FUNCTION FACT (N)
IMPLICIT NONE

INTEGER N, I, F

F=1

PROGRAM P1

IMPLICIT NONE

INTEGER N, F, FACT
READ (*,*) N

F = FACT(N)

WRITE (*,*) "Fact = ", F
END

Programming languages

History — High level
programming languages(1)

1958-59 LISP 1.5 (List Processing)
e John McCarthy, M. I. T.

e First functional programming language — implementation of
lambda calculus

e Also possibility of usage of a imperative style of programming

1958-60 ALGOL 60 (Algorithmic Language)

e J. Backus, P. Naur

Blok structure, composed statements, recursion.

Syntax formally described by a grammar (BNF) for the first time.
Most popular language in Europe in late 60s.

Base for other programming languages.
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History — ALGOL 60 : programming languages(2) :
begin ) 1960 COBOL (Common Business Oriented Language)
e . ES%BOL is one of the oldest programming languages still in active
begin e lIts primary domain in business, finance, and administrative systems for
real array Data[l:N]; companies and governments.
;::ig::"‘;{""g; e COBOL 2002 standard includes support for object-oriented
sumiz0;: programming and other modern language features.
step 1 until N do 1964 BASIC (Beginners All-Purpose Symbolic Instruction Code)
bsi::d;::i(::;) e John G. Kemeny, Thomas E. Kurz, Dartmouth University
Datali]:=if val<0 then -val else val e 1975 Tiny BASIC running on a computer with 2KB RAM
end; . e 1975 Bill Gates, Paul Allen sells it to a company MITS
for 1 su:“:"p:t‘:[‘f_;l_ N deo 1963-64 PL/I (Programming Langugage I)
s e Combination of languages: COBOL, FORTRAN, ALGOL 60
PrintReal(avg) e Developed to contain “everything for everybody” => too complex
enz"d e Present constructions for concurrent execution and exceptions.
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IDENTIFICATION DIVISION.
PROGRAM-ID. Iter.
AUTHOR. Michael Coughlan.

DATA DIVISION.
WORKING-STORAGE SECTION.
01 Numl PIC 9 VALUE ZEROS.
01 Num2 PIC 9 VALUE ZEROS.
01 Result PIC 99 VALUE ZEROS.
01 Operator PIC X VALUE SPACE

PROCEDURE DIVISION. Calculator.
PERFORM s

ACCEPT Num2
DISPLAY "Enter operator (+ or *) : "
ACCEPT Operator
IF Operator = "+" THEN

ADD Numl, Num2 GIVING Result
END-IF
IF Operator = "*" THEN

MULTIPLY Nunl BY Num2 GIVING Result

, Result
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History — PL/I

FINDSTRINGS: PROCEDURE OPTIONS (MAIN)
/* naéte STRING a poté vytiskne kazdy
nasledujici shodujici se fadek */
DECLARE PAT VARYING CHARACTER(100),
LINEBUF VARYING CHARACTER(100),
(LINENO, NDFILE, IX) FIXED BINARY;
NDFILE = 0; ON ENDFILE (SYSIN) NDFILE=1;
GET EDIT(PAT) (A);
LINENO = 1;
DO WHILE (NDFILE=0);
GET EDIT(LINEBUF) (A);
IF LENGTH(LINEBUF) > 0 THEN DO;
IX = INDEX (LINEBUF, PAT);
IF IX > 0 THEN DO;
PUT SKIP EDIT (LINENO,LINEBUF) (F(2),A)
END;
END;
LINENO = LINENO + 1;
END;
END FINDSTRINGS;
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History — High level
programming languages(3)

1968 ALGOL 68

e Widely used version of ALGOL 60

A little bit too complex to understand and to implement
Structured data types, pointers

Formal syntax and semantics definition

Dynamic memory management, garbage collection,
modules

1966 LOGO

e Logo is a computer programming language used for
functional programming.

e Today, it is known mainly for its turtle graphics

e Development goal was to create a math land where kids
could play with words and sentences.
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History — Structured
programming languages

1968-71 Pascal
e Niklaus Wirth, ETH Zurich

e Developed to be a small and efficient language intended
to encourage good programming practices using
structured programming and data structuring.

1972C
e Dennis Ritchie

e C was designed for writing architecturally independent
system software.

e |tis also widely used for developing application software.
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History — Pascal

program P3;

var
F: Text;
LineNo: Integer;
Line: array [1..60] of Char;

begin
if ParamCount < 1 then begin
WriteLn('Pouziti: opis <inp>');
Halt;
end;

Reset(F, ParamStr(l));

LineNo := 1;

while not Eof(F) do begin
ReadLn(F, Line);
WriteLn(LineNo:4, ': ', Line);
LineNo := LineNo + 1;

end;

end.

Programming languages

History —
Modular programming :

1980 Modula-2

e Support of modularity, strong type control, dynamic arrays, co
programs

1980-83 Ada

e Jean Ichibah, Honeywell Bull for US DoD

e Ada was originally targeted at embedded and real-time systems.

e Adais strongly typed and compilers are validated for reliability in
mission-critical applications, such as avionics software.

e Properties: strong typing, modularity mechanisms (packages),
run-time checking, parallel processing (tasks), exception
handling, and generics, dynamic memory management

Programming languages. 16




History — Modula-2

DEFINITION MODULE Storage;

VAR
ClearOnAllocate : BOOLEAN;

PROCEDURE Allocate( VAR a: ADDRESS; size: CARDINAL );
PROCEDURE Free( VAR a: ADDRESS );

PROCEDURE Deallocate( VAR a: ADDRESS; size: CARDINAL );
PROCEDURE Reallocate( VAR a: ADDRESS; size: CARDINAL );
PROCEDURE MemorySize( a : ADDRESS ): CARDINAL;

TYPE

TMemoryStatus = RECORD

MemoryLoad : LONGCARD; (* percent of memory in use *)
TotalPhys : LONGCARD; (* bytes of physical memory *)
END;
Y ( VAR Y : )i
END Storage.
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with TEXT_I0; use TEXT_IO;

procedure faktorial is
package ITO is new INTEGER_IO(Integer);
use ITO;

cislo: Integer;

function f£(n : Integer) return Integer is

begin
if n < 2 then
return 1;
else
return n*f(n-1);
end if;
end f;
begin
PUT ("Zadejte cislo:");
GET (cislo) ;
PUT (£ (cislo));
SKIP_LINE;

end faktorial;

Programming languages

History — Object oriented
languages(1)

1964-67 SIMULA 67

e Ole Dahl, Kristen Nygaard (Norsko)

e For simulation of discrete models

e Abstract data types, classes, simple inheritance — base for object oriented languages

1972 Smalltalk

e Alan Kay, Xerox

Originally only experimental language.

Pure object oriented language — everything is achieved with message transition.

First language supporting GUI with windows.

Interpreted at the beginning. Now translated into abstract machine code or Just-in-time
compiled.

1982-85 C++

e Bjarne Stroustrup, AT&T Bell Labs

e Developed from C => many dangerous futures like dynamic memory management without
GC, pointer arithmetic

e 1997 ISO a ANSI standard

Programming languages

History — Object oriented
languages(2)

1984-85 Objective C

e BradJ. Cox

e Clanguage extension, for OOP defined new constructions

. ?Ntidely considered to be better than C++, freely available compilers come to
ate...

e Main programming language for Apple NeXT and OS Rhapsody

1994-95 Java

e James Gosling, Sun Microsystems

. Qrig\iﬂallmdeveloped for embedded devices, later widely used for other areas
like WWW.

e Machine independent code (Java Bytecode), use just-in-time compilation
2000-02 C#
e Anders Hejlsberg, Microsoft

e One of the basics languages of .NET
e Implemented even for Linux (project Mono) a BSD Unix (project Rotor)

Programming languages.




History — C#

using System;
using System.Windows.Forms;
using System.Drawing;
public class Sample : Form {
[STAThread]
public static int Main(string[] args) {
Application.Run(new Sample());
return 0;

}

public Sample() {
Button btn = new Button();
btn.Text = " ";
Controls.Add (btn) ;
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Language Classification-
Introduction

e Many different criteria for a classification of
programming languages.
o Implemented paradigm of programming.
Object oriented paradigm
Declarative style of programming
Aspect oriented programming

¢ Implemented type system
Weak vs. Strong Typing
Dynamic vs. Static Types

. Ge.r.l.eration (“level”) of programming language

High vs. low level programming languages
Machine dependent programming languages

Programming languages

Language Classification-
Paradigm of programming (1)

e A programming paradigm is a fundamental
style of computer programming.
o Compare with a methodology, which is a style of
solving specific software engineering problems.
o Paradigms differ in the concepts and abstractions
used to represent the elements of a program.
objects, functions, variables, constraints, etc.

steps that compose a computation (assignation, evaluation,
continuations, data flows, etc.).

Example : In object-oriented programming, programmers can
think of a program as a collection of interacting objects, while
in functional programming a program can be thought of as a
sequence of stateless function evaluations.
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Language Classification-

Paradigm of programming(2) |::

e A programming language can support multiple

paradigms.

» Smalltalk supports object-oriented programming.

« Java supports imperative, generic, reflective, object-oriented
(class-based) programming.

e Many programming paradigms are as well
known for what techniques they forbid as for
what they enable.

« For instance, pure functional programming disallows the use of
side-effects.

e Structured programming disallows the use of the goto statement.

Programming languages.
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Language Classification- Examples of
Programming paradigms (1)

e Annotative programming (as in Flare language)

e Aspect-oriented programming (as in AspectJ)

e Attribute-oriented programming (might be the same as annotative programming)
(as in Java 5 Annotations, pre-processed by the XDoclet class; C# Attributes )

e Class-based Frogramm_ing, compared to Prototype-based programming (within
the context of object-oriented programming]

e Concept-oriented programming is based on using concepts as the main

programming construct.

Constraint programming, compared to Logic programming

Data-directed programming

Dataflow programming (as in Spreadsheets)

Flow-driven programming, compared to Event-driven programming

Functional programming

Imperative programming, compared to Declarative programming

Intentional Programming

Logic programming (as in Mathematica)
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Language Classification- Examples of
Programming paradigms (2)

Message passing programming, compared to Imperative programming
Object-Oriented Programming (as in Smalltalk)

Pipeline Programming (as in the UNIX command line)

Policy-based programming

Procedural programming, compared to Functional programming
Process oriented programming a parallel programming model.
Recursive programming, compared to Iterative programming
Reflective programming

Scalar programming, compared to Array programming
Component-oriented programming (as in OLE)

Structured programming, compared to Unstructured programming
Subject-oriented programming

Tree programming

Value-level programming, compared to Function-level programming

Programming languages

Language Classification- Basic
programming paradigms (1) :

e Imperative

e Programs are sequences of statement (mostly
assignments).

e Programs flow can be changed using control
statements like loops.

Control statement define which statement will be
performed and in what order.

e C, Pascal, Fortran, JSI
e Object oriented
e Program are collections of interacting objects.
o Often uses inheritance or polymorphism.
e Simula, Smalltalk-80, C++, Java, C#
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Language Classification — Language
and computer’s architecture

e Programming languages are limited by an architecture of today's
computer.
» Effective implementation must exists if we want to use them to create real life
applications.
e Von Neumann’s architecture
* Model of today’s mainstream computers
* Widely used languages like Java or C/C++/C# are closely related to this
architécture.
e Functional languages
o Backus (1977, Turing Award) Can Programming Be Liberated From the von
Neumann Style?
Criticized attempt ,from architecture to language*
« For example functional languages are considered to be superior to imperative
languages.
We can prove some properties.
Easy to parallelize
Based on algebraic rules
« Onthe other hand they are not as effective as imperative languages on Von
Neumann'’s architecture based computers.
Massive optimizations needed (Ocalm - nearly as effective as C)
Result => Not so often used like for example Java.
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Language Classification- Basic
programming paradigms (2)

Declarative languages
— source code describes what to compute not how

e Logic programming languages
» Programs are a collection of predicates in some concrete logic
(most often predicate logic).
» Defining feature of logic programming is that sets of formulas can
be regarded as programs and proof Search can be given a
computational meaning.

o Prolog, Goedel
e Functional programming languages

» Treats computation as the evaluation of mathematical functions
and avoids state and mutable data.

» |t emphasizes the application of functions, in contrast to the,
|r{1p{erat|ve programming style, which emphasizes changes in
state.

o FP, LISP, Scheme, ML, Haskell
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Language Classification- Basic
programming paradigms (3)

e Concurrent programming languages

e Programs are designed as collections of
interacting computational processes that may be
executed in parallel.

e Concurrent (parallel) programming languages are
programming languages that use language
constructs for concurrency.

e Some versions of language Modula-2, Ada

Today’s programming languages often use some sort
of library for concurrent programming MPI, PVM.

Programming languages

Language Classification- Type
system

e Type system definition

o Strict:
A tractab ti thod f ing the ab f i
pisaram e ot e e S e s of
alles they compute®

o Loosely:

Oa%e system associates one (or more) type(s) with each program
BLOSTRIR o siahess yelyse: # ype system atempis o
e Type system’s main functions
* Assigning data types (typing) gives meaning to collections of bits.

Types usually have.associations either with values in memory or with
oﬁﬁects Sich'asVariable, Y

° Safet&)— Use of tﬁ' es g\ay allow a compiler to detect meaningless
or probably invalid code. i hink
tracti ity) - T to thi
" aAon (e ekl YRR R A e
othering With Tow-level implementation.
»_Optimizations, documentation, ...
e Type theory studies type systems.
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Language Classification- Type
checking

e The process of verifying and enforcing the
constraints of types — type checking .

e Different ways to categorize the type
checking.
e The terms are not used in a strict sense!

o Compile-time (a static check) / Run-time (a
dynamic check)

o Strongly typed / Weakly typed
o Safely and unsafely typed systems

Programming languages.




Language Classification-
Categorizing type checking (1)

e Static typing

° nggsceh %(Iru%lsr%erformEd during compile-time as

++, C#, Java, Fortran, ML, Pascal,
‘ or%as(i(e .

e Static typing is a limited form of program verification
However it alIowa many errors to be caught early in the

development ¢
F’ gram execuno also be made more efficient (i.e.
aster or taking re uce memo Sn

o Static type checkers are conservative.
They will rej ct some % ms that n}ay be well-b a\t)ed
atr nnmde ut that ¢ nn t be statically’determined to be
S me tatcall ed languages enables pro rs to
Q fe ?ecglls) ?’ gge that gu gml\(/entt?] dgF 8 tve |ecat}on
per ofmed by a static type ¢

For example, Java and most C-style languages have type
conversw'?m 4 guag P
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Language Classification-
Categorizing type checking (2)

e Dynamic typing
o Majority of its type checking is performed at run-time.
o Groovy, JavaScript, Lisp, Clojure, Objective-C, Perl,
PHP, Prolog, Python, Ruby, or Smalltalk.
o Dynamic typing can be more flexible than static
typing.
For example by allowing programs to generate types based
on run-time data.
Run-time checks can potentially be more sophisticated,
since they can use dynamic information as well as any
information that was present during compilation.

On the other hand, runtime checks only assert that conditions
hold in a partlcular execution of the program, and are repeated
for every execution of the program.

Programming languages

Language Classification- :
Categorizing type checking (3) H

° Stron ly typed languages (also term memory safe is used)
. Inllﬁ)n |nv0|vesoprevent|ng success for an operatlon on arguments

gtrongly typed Ianguages that do not allow undefined operations to
Egrrn% gn{ll e anE] peﬁgpgarfl?nltan%uaﬁe v‘slll ch(leck ellrray bounds (resulting to

o Weal ing means that a language implicitly converts (or casts
Hpes wihen-sed: guage mpletly ¢ )

e Example
var x := 5; // (1) (x is an integer)
var y := "37"; // (2) (y is a string)
x + y; /7 (3)  (?)

* Itis not clear what result one would get in a weakly typed language.

Visual Basic, would produce run able code producing the result 42.
JavaScript would produce the result "537*.
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Language Classification- :
Categorizing type checking (4) H

. “Tﬁlpe -safe” is lan ua% e if it does not allow operations or conversions
ich lead to erro s conditions.

o Letus again have a look at the pseudocode example:
var x := 5; /(1)

var y "37"; /) (2)

var z := x + vy; // (3)

In Ianguages like Visual Basic variable z in the example acquires the value 42.

Thi t hi tended this, the | defi thy It

spee&. [§N0 the progrant docs not Crash o assign an -geHed vae o 2.
I‘] e value ofxw S a st |rm lgal could not be convened to a number (eg " hello world"),

e results' would be un

un Igs\iaru; Pa&es are type-safe (in that they will not crash) but can easily produce

o Now let us look at the same example in C:

int x = 5;
char y[] = "37";
char* z X +

= yi
In this example z will point to a memory address five characters beyond y.
Might lie outside addressable memory.
The mere computation of such a pointer may result in undefined behavior.
We have a well-typed, but not memory-safe program.
A condition that cannot occur in a type-safe language.

Programming languages.




Language Classification- Other
Type System’s Futures

e Polymorphism

o The ability of code (in particular, methods or
classes) to act on values of multiple types.

o Or the ability of different instances of the same
data-structure to contain elements of different
types.

o Type systems that allow polymorphism generally
do so in order to improve the potential for code re-
use.

In a language with polymorphism, programmers need

only implement a data structure such as a list or an
associative array once.
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Language Classification- Level of
programming language (1)

e Low-level programming languages (machine
dependent programming languages).
» language that provides little or no abstraction from a
computer's instruction set architecture.
o The first-generation programming language, or 1GL, is
machine code.
Itis the only language a microprocessor can understand directly.

Example: A function in 32-bit x86 machine code to calculate
the nth Fibonacci number:

8B542408 83FA0077 06B80000 0000C383
FA027706 B8010000 00C353BB 01000000
B9010000 008D0419 83FA0376 078BD98B
C84AEBF1 5BC3

Programming languages

Language Classification- Level of
programming language (2)

e The second-generation programming language, or 2GL, is
assembly language.
Itis considered a second-generation language because while it is
not a microprocessor's nafive language, an assembly language
programmer must still understand the microprocessor's unique
architecture (such as its registers and instructions).

These simple instructions are then assembled directly into
machine code.

Part of program computing Fibonacci numbers above, but in x86
assembly language using MASM syntax:

mov edx, [esp+8]
cmp edx, 0

ja @f

mov eax, 0

ret
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Language Classification- Level of
programming language (3)

e High level programming languages

e Such languages hide the details of CPU operations such as
memory access models and management of scope.

e May use natural language elements, be easier to use, or more
portable across platforms.

o A compiler is needed when used for programming of real-life
applications.

e This greater abstraction and hiding of details is generally
intended to make the language user-friendly.

A high level language isolates the execution semantics of a computer

architecture from the specification of the program, making the process of

developing a program simpler and more understandable with respect to
low-level language.

e The amount of abstraction provided defines how 'high level' a
programming language is (3GL, 4GL? 5GL??).

Programming languages.
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Language Classification- Level of
programming language (4)

e A very high-level programming language (VHLL)
is a programming language with a very high
level of abstraction, used primarily as a
professional programmer productivity tool.

o Very high-level programming languages are usually
Iirfntitedk to a very specific application, purpose, or type
Or task.

o Due to this limitation in scope, they might use syntax
that is never used in other programming languages,
such as direct English syntax.

o For this reason, very high-level programming
languages are often referred to as goal-oriented
programming languages.

Programming languages a1

Language Classification- Level of
programming language (5)

e A third-generation language (3GL)

e Where as a second generation language is more
aimed to fix logical structure to the language, a third
generation language aims to refine the usability of the
language in such a way to make it more user friendly.

e Firstintroduced in the late 1950s, Fortran, ALGOL and
COBOL are early examples of this sort of language.

o Most "modern" languages (BASIC, C, C++, C#,
Pascal, and Java) are also third-generation
languages.

Most 3GLs support structured programming.

Programming languages a2

Language Classification- Level of
programming language (6)

1990
« Is aprogramming language or programming environment designed
with a specific purpose in"mind.
o In the evolution of computing, the 4GL followed the 3GL in an
upward trend toward higher abstraction and statement power.
3GL development methods can be slow and error-prone.
Some applications could be developed more rapidly by adding a higher-
level programming language and methodology which would generate the
equivalent of very complicated 3GL instructions with fewer efrors.
4GL and 5GL projects are more oriented toward problem solving and
systems engineering.
« Fourth-generation languages have often been compared to domain-
specific programming Tanguages (maybe a sub-set of DSLs).

° Afourt‘?éq_e)neration programming language (1970s-

» Given the persistence of assembly language even now in advanced
development environments, one expects that a system ought to be a
mixture of all the generations, with only very limited use of the first.

o Examples: SQL, IDL
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Language Classification- Level of
programming language (7)

e A fifth-generation programming language (5GL)

e Is a programming language based around solving problems using
constraints given to the program, rather than using an algorithm
written by a’programmer.

« Fifth-generation languages are used mainly in artificial intelligence
research.

e While4GL are desiﬁned to build specific programs, 5GL are
designed to make the computer solve a given problem without the
programmer.

e However, as larger programs were built, the flaws of the approach
became more apparent.

It turns out that, starting from a set of constraints defining a particular
problem, deriving an efficient algorithm to solve it is a very difficult
problemin itself.

This crucial step cannot yet be automated and still requires the insight of
a human programmer.

Today are mostly used in academic circles for research.

e Example: Prolog, OPS5, and Mercury

Programming languages 44
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Specification of programming languages-
What we want to describe?

e How correct program should look like?
o SYNTAX
e Formal languages, grammars, automatons,...

e What correct program should do?

e SEMANTICS
e Lambda calculus, Attributed grammars,...

Programming languages a5

Specification of programming
languages- Formal languages

e Alphabet
o Finite set of symbols £
o Example: {0,1},{a, b, c, ..., 2}, {a,b,+, *,(,)}
e Words over an alphabet £
o Setof symbols fromX (Z¥)
o Emptyset-¢
o Examples: 1001, pjp, a*(b+b)
e Language over an alphabet =
o A subset of words over an alphabet
o Finite or infinite languages
o Examples:
1.0, 00, 11, 000, 011, 101, 110, 0000, 0011, ...}
int, double, char}
{a, b, ata, atb, b+a, btb, ..., ax(b+b), ... }

Programming languages a6

Specification of programming languages-
How we can describe a language?

a) Elements list

o Finite languages only.
b) Description in “spoken” language

e vague, can not be used for computations, complex
¢) Generative systems —grammars

e Instructions, how we can generate all words in a
language.

d) Detection systems — automatons

e Instructions, how we can check if a word belongs to
a language or does not.

Programming languages a1

Specification of programming
languages— Grammars (1)

eG=(N,T,P,S)
e N —non-terminal symbols
Can be transformed to a different set of symbols.

e T-—terminal symbols
Can not be transformed future.

P — production rules
P < (NXT)*N(NXT)* x (NXT)*

a—> B o-leftside, B - right side
e S—startsymbol SeN

Programming languages. 8
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Specification of programming
languages— Grammars (2)

e Binary numbers

o N={S, D} T={0, 1}
o P: S—-> D | SD
D—>0]1

e S>SD=>S0=>SD0=>DD0=1D0=110
S=*110

Programming languages 49

Specification of programming
languages- Grammar’s derivation tree

e S=>SD=S0=SD0=DD0=1D0=110

@
& ©
® ®°
®
.
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Specification of programming languages- 5
Chomsky Language Classification (1) H

e Type 0 — Unrestricted languages
oa—>p o, B all possibilities

e Type 1 — Context languages
0100 Oy > 1 P 0,

e Type 2 — Context free languages
A->B

e Type 3 — Regular languages
A->DbC
A->Db
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Specification of programming languages-
Chomsky Language Classification (2)

e Type 0 - Unrestricted languages
We are unable to compute if word belongs to some language.
Turing's machines
e Type 1 - Context languages
Containing real programming languages.
Are unable to analyze effectively
Linearly bound Turing’s machines
e Type 2 - Context free languages
Can be analyzed very effectively
Pushdown automatons
e Type 3-Regular languages
Even more effective methods to analyze them
Finite automatons

Programming languages. 52
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Specification of programming |2 Specification of programming | s:s2
languages- Finite automatons |: languages- Finite automatons |:
States + transitions A=(Q,%,8,qyF)
e Q: afinite set of states
0 1 e 3. input alphabet
e 3. state transition function
B c Snra i QXX > 29 Sppa 1 QXX > Q
B B c e (,: initial state
c c c e F: aset of final states
Specification of programming : Specification of programming languages — | $8s%

languages — Syntax’s description

e Three levels of syntax’s description
o Lexical structure (identifiers, numbers, strings)
Regular expressions, finite automatons
o Context free syntax
Context free grammars

Common programming languages are not context free
languages.
= If-else

o Context restrictions
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Syntax description’s methods

e Syntactic graph
e Backus-Naur Form (BNF)
<decl> -> ‘DEF’ <ident> ‘=* <expr> <exprl>
| ‘TYPE’ <ident> '=' <type>
<exprl>  ->‘ <expr> <exprl>
| e
o Example: DEFa=1;
e Extended Backus-Naur Form (EBNF)
o Extended with regular expression's operators
<decl> -> ‘DEF’ <ident> ‘=' <expr> ( <expr> )*
| ‘TYPE’ <ident> ‘="' <type>

Programming languages. 56
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Specification of programming languages-
Language’s semantics specification

e Semantics reflects the meaning of programs or functions.
e Many different frameworks, none of them considered to be
standard
e Three main approaches
* Axiomatic semantics
Specific properties of the effect of executing the constructs as expressed as
assertions.
= Thus there may be aspects of the executions that are ignored.
{P} while R do S {Q A R}
¢ Operational semantics
The meaning of a construct is specified by the computation it induces when it
is executed on a machine.
In particular, it is of |merest how the effect of a computation is produced.
« Denotation semantics
Meanings are modeled by mathematical objects that represent the effect of
executing the constructs.
Thus only the effect is of interest, not how it is obtained.
E : Expr — (String — Int) - Int

Programming languages

Functional programming — Differences
between imperative and declarative
programming languages

. Imperatlve languages
Imperative Ianguages describes computation in terms of statements that
change a program state.
« Imperative programs define sequences of commands for the
computer to perform
EXplICIt term sequence of commands — it express what computer should do and
when

o Statement has a side effects

« Based on actual (Von Neumman'’s) computer’s architecture
Simple and effective implementation

e Declarative languages

o Programs are likely composed from expressions not from statements.

« Expresses what needs to be done, without prescribing how to do it.
In terms of sequences of actions to be taken.
There is no sequence of commands given.

« For effective implementation complex optimizations must be performed.

o Functional and logical programming languages are characterized by
a declarative programming S(I;y
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Functional programming — Functional
programming languages(1)

e Based on lambda calculus — basic computation’s model is a mathematical
term function. Functions are applied on arguments and compute results.
e Programs are composed from functions without side effects.
e Functions are considered to be ,first-class values".
e Functional languages have better abstraction mechanisms.
o High order functions may be used.
« Function’s composition
* Programs often much shorter
e Functional languages do not contain assignments, cycles, ...
* Recursion is used instead.

e Assignment has a mathematical meaning.
Variable has the same value in a given context

Programming languages

Functional programming — Functional
programming languages(2)

e Functional languages allow to use new algebraic approaches.
e Lazy evaluation ( x eager evaluation)
We could use infinite structures.
» We could separate data from execution order — for example for
parallelization.
e Functional languages allows new approaches for a application’s
development.
» Proofing properties of programs.
o Possibility to transform program based on algebraic properties.
e Easier parallelization
« Easy to find parts which can be evaluated in parallel.
Functions has no side effects!
Often to many parallelisms.
* We can create new parallel program simply by composing two parallel
programs.

Programming languages. 60
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Functional programming —
A-calculus

e 1930 Alonzo Church

e Lambda calculus is a formal system designed to
investigate function definition, function application and
recursion.

o Part of an investigation into the foundations of
mathematics

e Base for functional languages

e Some constructions present even in imperative
languages (for example Python or C#).
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Functional programming —
Lambda calculus (1)

e Variables
e XV2fg,..
e A-abstraction
o (AX.¢€)
e Application
o (e18;)
e Parentheses convention
o AX.Ay.e; e, = (M. (Ay.e; e,))
° €66 =((e1 &) e3)

Programming languages 62

Functional programming —
Lambda calculus (1) :

e A-Abstraction
e Ax.e
A function with a parameter x and a body e
e AXy.e
A function with parameters x, y and a body e
Is equivalent to a notation Ax . (Ay . e)
e Ae.e (M x(fxx)) (Afx(fxx)
e Application
o (e, &)
Application of the function e, to the argument e,

o (fxy)
Application of the function (f x) to the argument y
Application of the function fto arguments x ay
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Functional programming -
Substitution

e e, [e,/X]
o replacement of a variable X by expression e,
every place it is free within e;
e Substitution must be correct.

We must be careful in order to avoid accidental
variable capture.

e (Axy.fxy)[gz/fl=AXxy.(g2z)xy
e Axy.fxy)lgz/x]=Axy.fxy
e (A\xy.fxy)[gy/f]=errorin substitution

Programming languages. 64
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Functional programming —
Evaluation of A-expressions

e a-reduction

e Ax.e o Ay.e[y/x]

¢ Renaming of a captured variable
e [-reduction

o Ax.e)e, e [e,/x]

e “function’s call“ — replacing a parameter with an argument
e n-reduction

o AX.fxeof

« Removing of an abstraction

e Variable x must not be free in f

e Two functions are the same if and only if they give the
same result for all arguments.

e Substitution must be correct!
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Functional programming -
Example
e (AfX.TXX)(AXy.pyXx)
=p ﬁx.()\xy.pyx)xx
=qAz.(Axy.pyx)zz

=5 Az.(A\y.py2)z
=3 Az.pzz

e MX.TXX)(AXY.pyX)
=S (Mx . fxx) (Ay.py)
= Afx.fxx)p
=5 AX.pXX

Programming languages

Functional programming —
Reduction strategies

e redex --- reducible expression
o Expression that can be reduced further; a-redex, B-redex.

e Expression’s normal form
* Any expression containing no B-redex.

e Reduction strat_egies_ - The distinction between reduction strategies
relates to the distinction in functional programming languages
between eager evaluation and lazy evaluation.

o Applicative order
The rightmost, innermost redex is always reduced first.
Intuitively this means a function's arguments are always reduced before the function itself.
Eager luation — This is ntially using licative order, call by value reduction
* Normal order
The leftmost, outermost redex is always reduced first.
o Call by name
As normal order, but no reductions are performed inside abstractions.
e Call by value
Only the outermost redexes are reduced: a redex is reduced only when its right hand side
has’reduced to a value (variable or lambda abstraction).
e Call by need

As normal order, but function applications that would duplicate terms instead name the
argument, which is then reduced only "when it is needed" - lazy evaluation.
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Haskell - Haskell

e September 1991 — Gofer
o Experimental language
e Mark P. Jones
e February 1995 — Hugs
e Hugs98
¢ Nearly full implementation of programming language Haskell 98
e Some extension implemented
e Basic resources
o

Language specification and other resources

Installation packages (Win / Unix)
User’'s manual (is a part of installation)

Programming languages.
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http://haskell.org/
http://haskell.org/hugs

Haskell —=Hugs Interpret

e Basic evaluation: calculator
$ hugs
ige]ud» 2*(3+5)
e Script: containing user’s definitions

* $hugsexample.hs

e Editing of source code
o cedit [file.hs]
. e

e Loading of source code
‘load [file.hs]
reload

e Exiting work
‘quit

e Help
?
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Haskell — Scritp

e example.hs
module Example where
-- Function computing sum of two numbers
sum Xy =X + Yy

e Example.lhs
> module Example where

Function computing factorial
>fn=1if n==0 then 1 else n * f (n-1)

Programming languages

Haskell — Data types(1)

e Basic data types
o 1:int
e ‘a:Char
e True,False::Bool
e 3.14:Float
e Lists [a]
o Empty list []
e Non-empty list (x:xs)
e 1:2:3:[1 :: [Int]
e [1,2,3] :: [Int]
e Ordered tuples (a,b,c,...)

e (1,2) :: (Int,Int)
o (1,['a","p"])::(xnt, [char])
° () B () Programming languages 7

Haskell — Data types(2)

e Function a->b

e factorial :: Int -> Int
e sum:: Int -> Int -> Int
e plus :: (Int, Int) -> Int

e User defined data types
e data color = Black
| white

o data Tree a = Leaf a
| Node a (Tree a) (Tree a)

e type String = [Char]
e type Table a = [(String, a)]

Programming languages.
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Haskell — Type classes

e Type class — set of types with specific

operations

e Num: +, -, *, abs, negate, signum, ...

e Eq: ==/=
e Ord: >, >=, <, <=, min, max

e Constrains, type class specification
e elem:: Eqa=>a->[a] ->Bool

e minimum :: Ord a=>[a] -> a
e sum: Numa=>[a]->a

Programming languages

73

Haskell — Function definition | ::

e Equation and pattern unification (pattern
matching):
o f patll patl2
o T pat2l pat22

rhsl
rhs2

e First corresponding equation is chosen.

e If there is none > error
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Haskell — Patterns

variable

e dncx=x+1

constant

e not True = False

e not False = True

List

o Tength [T =0

« Tlength (x:xs) = 1 + length xs
tupels

o plus (X,y) = x+y

User’s type constructor

e nl (Leaf ) =1

e nl (Node _Tr)=(11)+ (lr
Named pattern’s parts

e duphd p@(x:xs) = x:p

Another patterns - n+k

o fact 0 =1

o fact (n+l) = (n+1)*fact n

Programming languages

Haskell — Example

e Factorial
o faktl n =if n==0 then 1
else n * faktl (n-1)
o fakt2 0 =1
fakt2 n = n * fakt2 (n-1)
o fakt3 0

=1
fakt3 (n+l1) = (n+1) * fakt3 n

o fakt4 n | n==10,
| otherwise
e Fibonacci numbers
fib :: Int -> Int

1
n * fakt4 (n-1)

fib 0 =0
fib 1 =1
fib (n+2) = fib n + fib (n+1)

Programming languages. 76
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Haskell — Example

e List length
e length [] =0
length (x:xs) = 1 + Tength xs

e Comment: be aware of name conflict with previously
defined functions!

e module Example where
import Prelude hiding(length)

0
1 + length xs

length []
length (_:xs)

Programming languages 77

Haskell — Local definition

e Construction 7et ... in
efxy=Tetp=x+y
a=x-y

inp * q

e Construction where
efxy=p*q
where p = +
q=X-Y

|
X
<
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Haskell — Partial function
application

inc x = 1 + X

inc x = add 1 x
inc = add 1

inc = (+1) = (1+)
add = (+)

e Eta reduction

e Point free programming
e lIcaseString s = map toLower s
o IcaseString = map toLower

Programming languages 79

Haskell — Lambda abstraction

e Using function like a parameter

nonzero xs = filter p xs
where p x = x /=0

nonzero xs = filter (/= 0) xs

nonzero xs = filter (\x -> x/=0) xs

e\x->e ... Ax.e
e inc=\x->x+1
o plus=\(xy) >x+y
o dividers n = filter \m -> n ‘'mod” m == 0) [1..n]

Programming languages. 80
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ot Haskell — Functions ot
Haskell — Example s manipulating with lists(1) 3
e Example creating a list of squared numers e Access to list's elements
. gm E] = )[] g e head [1,2,3] =1
m (X:Xs) = sq X : m Xs .
where sq x = X * x e tail [1,2,3] = [2,3]
e List's ordering (quicksort) e last [1,2,3] =3
eqgs [1 =11 e init [1,2,3] = [1,2]
gs (x:xs) = o [1,2,3]!! 2 =3
Tet 1s = filter (< x) xs e null [1 = True
rs = filter (>=x) xs ] h11.2.3] = 3
in gs 1s ++ [x] ++ gs rs e Tength [1,2,3] =
Haskell — Functions it Haskell — Functions it

manipulating with list (2)

e List’s union
e [1,2,3] ++ [4,5] = [1,2,3,4,5]
o [[1,2],[3],[4,5]1] [1,2,3,4,5]
e zip [1,2] [3,4,5] = [(1,3),2,D]
o zipwith (+) [1,2] [3,4] = [4,6]

e List's aggregation
e sum [1,2,3,4]

10

e product [1,2,3,4] = 24
e minimum [1,2,3,4] =1
e maximum [1,2,3,4] = 4

Programming languages 83

manipulating with list (3)

e Selecting list's parts

o take 3 [1,2,3,4,5] [1,2,3]
drop 3 [1,2,3,4,5] = [4,5]
takewhile (>0) [1,3,0,4] = [1,3]
dropwhile (> 0) [1,3,0,4] = [0,4]

o filter (>0) [1,3,0,2,-1] = [1,3,2]
e List’s transformations

e reverse [1,2,3,4] = [4,3,2,1]

e map (*2) [1,2,3] = [2,4,6]

Programming languages. 84
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Haskell — Arithmetic rows

e [m..n]
e [1..5]=[1,2,3,4,5]
e [m1,m2..n]
e [1,3..10] = [1,3,5,7,9]
e [m.]
o [1.1=[1,2,3,4,5,...]
e [m1,m2.]
e [5,10..] = [5,10,15,20,25,...]

Programming languages 8

Haskell — Function filter

Obtaining a part of list corresponding to given rule
(predicate)
filter :: (a -> Bool)-> [a] -> [a]
filter _ [ 1 =11
filter p (x:xs) | p x = x : filter p xs
| otherwise = filter p xs

filter even [1..10] [2,4,6,8]
filter (> 0) [1,3,0,2,-1] = [1,3,2]

dividers n = filter deli [1..n]

where deli m = n ‘mod’ m ==
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Haskell — Function map

e List’'s elements

map :: (a -> b) -> [a] -> [b]
map £ [ 1] =11

map £ (x:xs) = £ x : map f xs
map (+1) [1,2,3] = [2,3,4]
map toUpper “abed” = “ABCD”

squares x = map (\x -> x * x) [1..]
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Haskell — List’s generators

Example: A set of even numbers from 1 to10
e {x]|x€l..10, x is even}
o [X|x<-[1..10], even x]

[ x | x <- xs ] = xs
[ £x | x <- xs ] = map f xs
[ x | x <- xs, px ] = filter p xs

[ (er) I x<-xs, y<-ys ] =
[(x1,y1),(x1,y2),(x1,y3),..,
(x2,y1), (x2,y2) , (x2,y3) ,..,
|

Programming languages. 88
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Haskell — Example

e Set’s operation using list's generators
e Intersection

intersect xs ys = [y | y <-ys, elem y xs]

e Union
union xs ys = xs ++ [y | y<-ys, notElem y xs]
» Difference
diff xs ys = [x | x<-xs, notElem x ys]
o Subset
subset xs ys = [x | x<-xs, notElem x ys] == []
subset xs ys = all (\x -> elem x ys) xs

Programming languages
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Haskell — Definition of user’s
types

e data Color = Red | Green | Blue
o Color —type’s constructor
o Red/ Green / Blue — data constructor
e data Point = Point Float Float
e dist (Point x1 yl) (Point x2 y2) =
sgrt ((x2-x1)**2 + (y2-yl)**2)
o dist (Point 1.0 2.0) (Point 4.0 5.0) = 5.0
e data Pointa = Pointa a
o Polymorphism
e Constructor Point :: a -> a -> Point a

Programming languages

Haskell — Recursive data types

Tree
data Treel a = Leaf a
| Branch (Treel a) (Treel a)
data Tree2 a = Leaf a
| Branch a (Tree2 a) (Tree2 a)
data Tree3 a = Null
|

Branch a (Tree3 a) (Tree3 a)

t21 (Leaf x) = [x]
t21 (Branch 1t rt) = (t21 1t) ++ (t21 rt)

Programming languages
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Haskell — Type’s Synonyms
e type String = [Char]
type Name = String

data Address = None | Addr String
type Person = (Name, Address)

type Table a = [(String, a)]

e They are equivalent to original types
e They represent only a shortcuts

Programming languages.
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Haskell — Basic type classes | ::

Eqa (=), (=)

Eqa=>0rda (<), (<2), (), (>=), min, max
Enum a succ, pred

Read a readsPrec

Show a showsPres, show

(Eq a, Show a) => Num a (+), (-), (*), negate, abs

(Num a) => Fractional a (), recip

(Fractional a) => Floating a pi, exp, log, sqrt, (**), ...

Programming languages 9

Haskell — Type class Show :

e Values that can be converted to a string

e type ShowS = String -> String
class Show a where
showsPrec :: Int -> a -> ShowS
show i1 a -> String
showList [a] -> Shows
e showPoint :: Point -> String
showPoint (Point x y) =

“(* ++ show x ++ ”;” ++ show y ++ ”)”

e instance Show Point where
show p = showPoint p

Programming languages

Haskell — Type class Read

e Values readable form a string

e type ReadS a = String -> [(a,String)]
class Read a where
readsPrec :: Int -> ReadS a
readList :: Reads [a]

e readsPoint :: ReadS Point
readsPoint (‘(‘:s) =
[ (Pt xy, s’’) |
(x, ’;’:s’) <- reads s,
(y, “)’:s;;) <- reads s’]

e instance Read Point where
readsPrec _ = readsPoint

Programming languages 9%

Haskell — Programming with
Actions

e Imperative languages
e Programis a sequence of statements
Straight forward and clear sequence of actions
Side effects
e We can for example easily use global variables, read
and write file,...
e Haskell (simplified)
o Actions are divided from pure functional code.
e Monadic operators
o Actions is a function which’s result is of type: (10 a).

Programming languages.
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Haskell — Programming with
Actions Example

e Char’s read and write

e getChar :: I0 Char
putChar :: char -> 10

e Transformation of a function to a action
e return :: a -> I0 a

e Test: y/n check — sequence of actions

e ready :: IO Bool
ready = do c <- getcChar
return (c == ‘y’)

Programming languages o7

Haskell — Function main :

e Represents main program
e Action returning nothing:

e main :: 10 O
main = do ¢ <- getChar
putChar c
1. Reads character and marks it c.
2. Write character c.
3. Returns the result of last action - 1I0().

Programming languages %8

Haskell — Line reader example

1. Program reads first character.

2. If program reads end of line character then
program returns readied string.

3. Otherwise program adds readied character to a
result.

getLine :: IO String
getLine = do x <- getChar
if x==‘\n’ then return
else do xs <- getLine
return (x:xs)

Programming languages 99

Haskell — Writing of a string

e We can use function putChar on every character.
For example:
e map putChar xs

e Theresult is a list of actions.
map :: (a -> b) -> [a] -> [b]
putChar :: Char -> 10 O
map putChar s :: [10 O]

e Can be transformed to a single action.

« sequence :: [I0Q] -> 10 O
putStr :: String -> I0 O
putStr s = sequence (map putChar s)

Programming languages. 100
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[ X XJ
Haskell — Proving using Haskell — Example — seie
- - - . - . o0
mathematical induction Associativity of ++ (1) :
e The simplest and most common form of (XS ++ys) ++ zS = XS ++ (ys ++ zS)
mathematical induction proves that a statement
|r?volvmg a natural number n holds for all values of D++ys  =ys (++.1)
e The proof consists of two steps: (xxs) ++ys = X: (xs ++ys) (++.2)
The basis (base case): showing that the statement holds
when n=0. _
The indu<r:]tive ﬁtep: showing Ithathiflctihe srt]atemeni holds for a) [ ] =>Xs
some n, then the statement also holds when n + 1 is
substituted for n. (I ++ys) ++zs
e Structural induction for lists. =ys ++12s (++.1)
a) We prove a statement for empty list - [] =[] ++ (ys ++ zs) (++.1)
b) If a statement holds for xs, then we show that it also
holds for (x:xs).
. eses
Haskell — Example — s Haskell — Example - length seit
o0 o0
L[ d L[ d

Associativity of ++ (2)

(Xs ++ ys) ++ zs = xS ++ (ys ++ zS)

[++ys  =ys
(x:xs) ++ ys = X: (Xs ++ys)

b) (x:xs) => xs
((X:xs)*++ys)++zs
= X:(Xs++ys)++zs
= X:((Xs++ys)++zs)
= X:(Xst++(yst++zs))
= (Xx:xs)++(ys++zs)

(++.1)
(++.2)

(++.2)
(++.2)
(assumption)
(++.2)
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(xs++ys) (1)

length (xs++ys) = length xs + length ys

length [] =0 (len.1)
length (_:xs) = 1 + length xs (len.2)
a) [ =>xs
length ([] ++ys)
=length ys (++.1)
=0+ length ys (base case +)

=length [] + length ys (len.1)

Programming languages. 104
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Haskell — Example — length

(xs++ys) (2)

length (xs++ys) = length xs + length ys

length ] =0
length (_:xs) = 1 + length xs

b) (x:xs) => xs
length ((x:xs) ++ ys)
= length (x:(xs++ys)
1 + length (xs++ys)
1 + (length xs + length ys)
(1 + length xs) + length ys

(len.1)
(len.2)

(++.2)

(len.2)
(Assumption)
(+ Associativity)

Logické jazyky - Introduction

e Hlavni myslenka:
Vyuziti pocitace k vyvozovani dasledku
na zakladé deklarativniho popisu
e Postup:
o redlny svét —>
e zamyslena interpretace —
o logicky model —
e program
e Vypocet - ureni splnitelnosti ¢i nesplnitelnosti cile,
pripadné vcetné vhodnych substituci.

=length (xxs) +lengthys  (len.2) e Pro Example pouZit jazyk Prolog
Logické jazyky - Logicky s Logické jazyky - Co je to seit
program : dotaz? 3
e Fakta e Odpovéd na dotaz vzhledem k programu =

vek (petr, 30).
vek (jana, 24).

e Pravidla
starsi(X, Y) :-

vek (X, V1), vek(Y, V2), V1 > V2.

e Dotazy
?- starsi(petr, jana).
Yes

Programming languages 107

uréeni, zda je dotaz logickym disledkem
programu.
e Logické dusledky se odvozuji aplikaci
dedukénich pravidel, napf.
P | P (identita)
o Je-li nalezen fakt identicky dotazu, dostaneme Yes.
o Odpovéd No znamena pouze to, Ze z programu
nelze platnost dotazu vyvodit.

Programming languages. 108
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Logickeé jazyky - Predpoklad
uzavieného svéta

zvire (pes) .

zvire (kocka) .

?- zvire (pes) .
Yes

?- zvire(zirafa).
No

=> Predpokladame platnost pouze toho, co je uvedeno
VvV programu.

Programming languages 109

Logické jazyky - Logicka
proménna

e Predstavuje nespecifikovany objekt

e Jméno zacina velkym pismenem
?- vek(jana, X).

X = 24.
?- vek(pavla, X).
No

e Existuje X takové, Ze vek(jana, X) lze odvodit
z programu? Pokud ano, jaka je hodnota X?

Programming languages 110

Logické jazyky - Kvantifikatory

o likes(X, beer).
Pro v8echna X plati likes(X, beer).

e ?- likes(X, beer).
Existuje X takové, ze likes(X, beer)?

Programming languages 111

Logické jazyky - Term

e Datova struktura definovana rekurzivné:
o Konstanty a proménné jsou termy
o Struktury jsou termy: funktor(arg1, arg2, ...)
funktor: jméno zacinajici malym pismenem
argument: term
e Funktor je ur€en jménem a aritou
o f(t1,t2,...,tn) .... f/n
e Priklad:
e z/0 s/1 ... z, s(2),s(s(2)), s(s(s(2)))

Programming languages. 112
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Logické jazyky - Substituce

e Zakladni term (ground term)
e neobsahuje proménné  s(s(z))
e Substituce
o Konecna mnozina dvojic ve tvaru Xi=t
o Aplikace substituce 6 naterm A ... A0
f(X, a) {X=9(2), Y=b} =1(g(2), a)
e Instance termu

o A je instanci B, existuje-li substituce 6 takova, ze
A=B6
f(g(z), a) je instanci termu f(X, a)

Programming languages 13

Logické jazyky - Konjunktivni
dotazy

e ?- zvire(pes), zvire(kocka).
Yes

Sdileni proménnych:
e ?-vek(X, V), vek(Y, V).
Existuji X a Y se stejnym vékem?
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i3
Logické jazyky - Pravidla s
e A:-By, By, ..., B,.
A = hlava pravidla
B, B,, ..., B, =télo pravidla
e syn(X, ¥Y) :- otec(Y¥, X), muz(X).
deda(X, Y) :- otec(X, Z), otec(Z, Y).

e Proménné jsou univerzalné kvantifikované.
e Platnost proménnych je celé pravidlo.
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Logické jazyky - Rekurzivni
pravidla

e Definice grafu
edge(a, b). edge(a, c). edge(b, d) .
edge(c, d). edge(d, e). edge(f, g).

e connected(N, N).
connected (N1, N2) :-
edge (N1, L), connected(L, N2).
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Skriptovaci jazyky - Obsah

e Co jsou to skriptovaci jazyky

¢ Vyhody a nevyhody skriptovacich jazyk(
e Hlavni oblasti pouziti

e Example jazykl: Perl, Python, Java Script

e Jazyk PHP - Introduction

Programming languages 17

Skriptovaci jazyky -
Skriptovaci jazyky (1)

e Jazyky urCené k rozSifeni nebo propojeni
existujicich aplikaci a komponent
o Uzivatelem definované Function (napf. editory)
o Grafické uzivatelské rozhrani (Tcl, VB)
o Webovy server (PHP) nebo klient (Java Script)

e Nepouzivaji se obvykle ke slozitym vypoétim
nebo k praci se sloZitymi datovymi
strukturami
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Skriptovaci jazyky -
Skriptovaci jazyky (2)

e Obvykle netypované (nebo slabé typované)
o Automaticka konverze typu
e Proménné mohou obsahovat cokoliv

e Obvykle interpretované
o Nevyzaduji samostatny preklad
e Moznost ménit ¢asti programu za béhu

e Seznamy, vyhledavaci tabulky
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Skriptovaci jazyky - Vyhody
skriptovacich jazyku

e Rychly vyvoj aplikaci
e Jednoducha instalace aplikaci
o Casto staci pouze zkopirovat zdrojové soubory
¢ Integrace s existujicimi technologie
e napf. komponentni technologie
e Jednoduchost uréeni a pouziti

e Dynamické vlastnosti
e napf. typovani, rozsahy poli, konverze
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Skriptovaci jazyky - Example

e select | grep scripting | wc (sh)
e button .b —text Hello! —font {Times 16}
—command {puts hello}  (Tcl)

e Java: 7 radku
o C++ (MFC): 25 fadka
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Skriptovaci jazyky - Nevyhody
skriptovacich jazyku

e Neuplnost
o predpoklada se spoluprace s ,normalnimi” jazyky

¢ Nesoulad s pravidly ,,dobrého“ navrhu
o strukturovani programu
o objektové orientované programovani

e Zaméreni na konkrétni oblast
o napi. PHP pro dynamické WWW stranky
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Skriptovaci jazyky - Pouziti
skriptovacich jazyku

e Sprava systému
» Rizeni startu a ukong&eni &innosti systému
o Zakladni systémové operace — napf. archivace
o Provadéni davkovych operaci
e Shell - JCL, COMMAND/CMD, bash

e Automatizace tvorby programu
» Casto se opakujici ginnosti (pfeklad, instalace)
e Ant — uzivatelem definované ¢innosti
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Skriptovaci jazyky - Pouziti
skriptovacich jazyku

e Prizplisobeni aplikaci
e Windows Scripting Host (WSH) — integrovano do
operaéniho systému (VBScript, JScript)
o Makra v textovych editorech — VBA (MS Office),
Office Basic (Sun StarOffice), eLISP (emacs)

e PrizplUsobeni zafizeni
o Meéfici pfistroje s vestavénymi Tcl
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Skriptovaci jazyky - Hlavni
oblasti pouziti

e GUI — grafické uzivatelské rozhrani
o Visual Basic, Tcl/Tk

e Internet
o Perl, JavaScript, PHP

e Komponentni technologie
e Visual Basic
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Skriptovaci jazyky — Perl (1)

e Practical Extraction and Report Language

[ ]

e Popularni mezi administratory Unixu

e Obtizné Citelna syntaxe, mnoho implicitnich
vlastnosti
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Skriptovaci jazyky - Python

e Plivodné vyvinuta jako komponenta
operaéniho systému Amoeba

e Jednodus$Si syntaxe
e Jython — bézi pod JVM
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Skriptovaci jazyky — Javascript

e Netscape Corp. — pro prohlize¢

e ,Java...” je zavadgéjici — mnoho odliSnosti
o Java: jazyk zalozeny na tfidach a dédi¢nosti
o JS: jazyk zalozeny na prototypech

e JScript (MS), ECMAscript (European
Computer Manufacturer’s Association)

e Sun StarOffice, Macromedia Flash
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32


http://www.perl.com/
http://www.python.org/
http://www.python.org/

Skriptovaci jazyky —
Porovnavani jazyki

Perl
for $i (0 .. 6000-1) {

for $3 (0 .. 1000-1) {
x{$3}=91;
$x{$3}

1
Python

for i in range (6000) :
x={}
for j in range (1000) :
x[J]1=T
x[3]

Java

import java.util.*;
public class Test {

public static void main(
String[] args) {
for (int i=0; i<6000;i++) {
Map x=new HashMap();
for (int j=0; j<1000; j++){
Integer I=new Integer (i);
Integer J=new Integer (j);
x.put (I, J); x.get(I);
)
)
}
)
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Skriptovaci jazyky — Internet | ¢

e Protokol HTTP

e protokol pro pfenos dat mezi klientem a webovym
serverem

o typy pozadavku
GET, POST, HEAD

e Staticky stranky
o Protokol HTML (XHTML)
e Soubor s pfiponou .html, .htm
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Skriptovaci jazyky — Webové

aplikace

HTTP poz php dokument
na PHP dokumept +
proménné g
prostfedi
Klient PHP
len server preprocesor
vygenerovany
HTTP odpovéd dokument
d Bl
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Skriptovaci jazyky — HTTP
pozadavek GET

GET /index.html HTTP/1.0

User-Agent: Mozilla/5.0

Accept: text/plain, text/xml, text/html,
Accept-Language: en

HTTP/1.0 200 OK

Date: Sun, 02 October 2005 20:19:32 GMT
Content-Type: text/plain
Content-Length: 32

Toto je obsah souboru index.html

Frogrannny yuayes Loe
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Skriptovaci jazyky — PHP

e Plvodné pro navrh WWW stranek (Personal
Home Page)

e K dispozici zdarma pro vSechny OS
e Syntaxe podobna C/C++
e Hlavni oblasti

o Skripty na strané serveru
o Skripty spousténé z pfikazového fadku
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Skriptovaci jazyky — PHP

e Verze PHP5: kompletni objektovy model
e Spoluprace s mnoha databazemi

o MySQL, PostgreSQL, ODBC, Oracle, DB2, ...
e PFistup k dalSim sluzbam

o LDAP, IMAP, SNMP, NNTP, POP3, HTTP, ...
e Napojeni na jiné technologie

e Java, COM

e Silna podpora zpracovani textu, regularni
vyrazy, XML, komprese dat, ...
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Skriptovaci jazyky — PHP a
Internet

e Zdrojovy text je HTML obsahuijici useky
programu v PHP:
<p><?php ?></p>
<p><? ?></p>
e Skripty jsou umistény nékde v adresafi
~/public_html/ s pfiponou .php (linux456)
e Je tfeba zajistit, aby mél webovy server pravo
Cist soubory .php (pfikaz chmod)
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Skriptovaci jazyky — PHP -
Proménné

e UZivatelské proménné
o Nedeklaruji se
o Jejich jméno zacina znakem $

o $x =10;
if ($x > 0 ) echo “$x je kladné";
e Systémove proménné
o $GLOBALS
o $ REQUEST, $_SERVER, $? SESSION, ...
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Skriptovaci jazyky — PHP — ‘5‘ Skriptovaci jazyky — PHP — ‘5‘
Pole (1) : Pole (2) :
e Indexovana pole e Prichod polem

o $a = array(); o for ( $i = 0; $i < count($a); $i++)

o $a[0] = 10; $a[1] = 5; echo “a[$i] = {$a[$il\n”;

e $a =array (0=>10, 1=>5);
e Asociativni pole o foreach ($a as $i => $v ) echo “a[$i] = $v\n”;

o $a = array();

o $a[‘Po’] = “Pondsli“; » foreach ($a as $v ) echo “$v”;

e $a = array (“Po”=>"Pondéli*, “Ut’=>"Utery”, ...)
Skriptovaci jazyky — PHP - Skriptovaci jazyky — PHP -

Priklad — generovani tabulky

<table border="“1">
<?
for($i = 0; $i < 10; $i++) {
echo “<tr>\n”;

echo “ <td>$i</td>\n";
echo “ <td>”, $i * $i, “</td>\n”";
echo “</tr>\n”;
}
?>
</table>
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DalSi ridici konstrukce

e if ( podminka ) pfikaz

e if (podminka) prikaz else prikaz
e while ( podminka ) pfikaz,

e do pfikaz while ( podminka );

e break;

e continue;

e switch ( vyraz) prikaz

e include “soubor”; require “soubor”;

Programming languages.
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Skriptovaci jazyky — PHP - seece Skriptovaci jazyky — PHP - e
Pfiklad st Function 3
e function soucet ( $x, Sy =1 ) {
return $x +S$y;
}
e VSechny proménné jsou lokalni, globalni
proménné se musi deklarovat:
global $g;
Skriptovaci jazyky — PHP - seece Skriptovaci jazyky — PHP - e
Pfiklad et Tridy
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Skriptovaci jazyky — PHP - § Skriptovaci jazyky — PHP - 3
Tridy v jazyce Java ] Tridy a objekty G

Programming languages s
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Skriptovaci jazyky — PHP - § Skriptovaci jazyky — PHP - -
Tridy a objekty ] Dédiénost G

e VytvorFeni instance tfidy

Sz = new Zlomek (3, 5);

e Pristup k atributlim a metodam objektu

$z->soucin( new Zlomek (2, 3));
echo “$z->cit / $z->jm”;
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Skriptovaci jazyky — PHP -
Novinky v PHP5

e Konstruktory a destruktory

e construct() _ destruct()
e Viditelnost atributd a metod

e public, protected, private
e Statické atributy a metody

e public static $x = “abcd”;

o .. Tfida::$x
e Abstraktni tfidy a metody, rozhrani
e Reflexe

Programming languages 149

Skriptovaci jazyky — PHP -
Reference na objekt (1)

e PHP4

e operator = vytvafi kopii objektu

o operator =& vytvari referenci na objekt
e PHP5

o operator = vytvafi kopii reference na objekt (jako v
Javé)

o operator =& porad vytvari referenci na objekt
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Skriptovaci jazyky — PHP -
Reference na objekt (2)

$zlomekl new Zlomek(1l, 2);
$zlomek2 $zlomekl;
$zlomekl->soucin (new Zlomek(l, 2));
$echo ”$zlomek2->cit/$zlomek2->jm” ;
//vysledek bude 1/2 v PHP4
//vysledek bude 1/4 v PHP5

//Gprava 2. tadku pro stejny vysledek v
PHP4 i PHP5S

$zlomek2 =& $zlomekl
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Skriptovaci jazyky — PHP -
Reference na objekt (3)

$zlomekl = new Zlomek (1, 2);
$zlomek2 =& $zlomekl;
$zlomek2 = new Zlomek (1, 3);

//$zlomekl bude uvolnén!

Programming languages. 152
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Skriptovaci jazyky — PHP - seie Skriptovaci jazyky — PHP -
Vyjimky (PHP5) : Parametry z pozadavkii
try { e /app/predmet.php?kod=456-513/1&arg=1
Serror = ‘Always throw this error’; » $ REQUEST['kod”] = ‘456-513/1’
throw new Exception ($error) ; o $_REQUEST['arg’] =1’
o <a href="go.php?action=del”>Odstranit</a>
echo ‘'Never executed’; - P
) e Specialni proménné
} catch (Exception e) { « $ REQUEST, $_GET, $ POST, $_FILES
echo ‘Caught exception: ‘', s $ COOKIE
$e->getMessage (), “\n”; o $ SESSION
} o $ SERVER, $_ENV
eses .
i :
OOP — Motivaéni pfiklad : OOP — Motivaéni pfiklad (2) :
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e Vlastnosti (stav)
e soufadnice stfedu x, y
e barva
e obsah, obvod
e Operace (chovani)
e presunuti na jinou pozici
e n-nasobné zvétSeni a zmenseni
o vykresleni na obrazovku
e Vztahy
o sousedi, pfekryvaji se, ...
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OOP — Motivaéni priklad (3) :

e Druh obrazce
o Ctverec, trojuhelnik, elipsa
e Specifické vlastnosti
o délka strany ¢tverce
o velikosti poloos elipsy
e Hodnoty vlastnosti
o konkrétni souradnice, barva, ...
e Zpusob provedeni operaci
o vykresleni na obrazovku
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OOP - Graficka reprezentace
tridy

Jméno tfidy

Zlomek ™’

Vlastnosti
citatel
jmenovatel

Zlomek p¥iéti(Zlomek jinyZlomek)
Zlomek nasob (Zlomek jinyZlomek) Y
void normalizuj ()

Operace

Programming languages 158

OOP — Objekt = instance tridy

Zlomek

e z1: Zlomek

s
o s (e SingEinen) \ Citatal = 2

Zlomek nasob(zlomek JinyZlomek) jmenovatel = 3

void normalizuj ()

A

z3: Zlomek

z2 : Zlomek citatal =1
jmenovatel = 2

citatal = -6
jmenovatel = 4
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OOP — Tridy v jazyce Java

class Zlomek {
// instanéni proménné

int citatel;
int jmenovatel;
// metody

Zlomek nasob (Zlomek jiny)

citatel *= jiny.citatel;
jmenovatel *= jiny.jmenovatel;
}
}
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OOP - Vytvofeni instance tFidy | :

public static void main(String[] args)

‘
o ©

// nastaveni instanénich proménnych
z.citatel = 2;

z.jmenovatel = 3;
// voldni metody

z.nasob(z) ; // z *= z
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OOP - Dédi¢nost :

Obrazec

int x
int y
presun(xl, yl)

A

Ctverec Elipsa
int a int a
int b
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OOP — Dédi¢nost

class Obrazec {
int x, y;
void presun(int x, int y) {
this.x = x; this.y = y;

}

}

class Ctverec'extends Obrazec ){
int a;

}
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OOP — DalSi vlastnosti OOP
e Zapouzdreni prvka tfidy

o Soukromé proménné/metody — private

o Chranéné proménné/metody — protected

o Verfejné proménné/metody — public

e Polymorfismus

Programming languages. 164
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OOP - Smalltalk - Introduction
do jazyka Smalltalk

e Existuji i jiné objektové orientované jazyky nez
Java...

e "When | invented the term 'object-oriented' | did not
have C++ in mind." -- Alan Kay

e Jednim z jinych“ objektové orientovanych jazyku je
jazyk Smalltalk

o Ve skute€nosti neexistuje jazyk Smalltalk. Existuje cela
fada ,variant jazykd obsahujicich Smalltalk v jejich nazvu.

¢ Obvykle je pod pojemem Smalltalk rozumén jazyk
Smalltalk-80.
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OOP — Smalltalk - History
jazyka Smalltalk (1)

e 1968: SIMULA — prvni ,objektové orientovany* jazyk
e 1973: Xerox Alto computer
e Pouzival Smalltalk (implementovany v jazyce BASIC)
o implementoval ,Zelvi* grafiku (LOGO)
o Tridy (zadna hierarchie),instance, self
e 1974:
o ZlepSeni vykonnosti
o Prvni meta-objekty
e 1976
o V3e je objekt
o Hierarchie tfid, super
» Implementovano prochazeni a ladéni zdrojovych kodl (code
browser, inspector, debugger)

Programming languages
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OOP — Smalltalk - History
jazyka Smalltalk (2)

e Smalltalk-80 :
o Jazykovy standard
e Masivné pouziva MVC
o Cela fada variant. Volné dostupné jsou:
Squeak (open source) -
Smalltalk/X — volné dostupny pro nekomeréni pouZziti:

Cincom Smalltalk: volné dostupny pro nekomeréni pouZiti:
Strongtalk (typovany Smalltalk)

e Cela fada jazykl vychazi s jazyka Smalltalk
e S# - urceny pro tvorbu skiptt
o Python, Ruby - jazyky postavené na stejnych ideach jako
Smalltalk, syntaxe jazyka se vice blizi Javé a C.
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OOP — Smalltalk - Zakladni
koncepty jazyka Smalltalk (1)

e Smalltalk je Cisté objektové orientovany jazyk.
» Koncepce tiid a objektl
o Zakladni myslenkou je, ze vSe je objekt a objekty spolu
komunikuiji prostfednictvim zprav
e Vyjimkou jsou proménné (jejich obsah proménnou je).
o Nejsou v ném ,hodnotové* datové typy.
e Objekty mohou v jazyce Smalltalk provadét pravé ti Cinnosti
o UdrZovat stav (reference na dalSi objekty)
o Prijimat zpravy od sebe a nebo od jinych objektt
e Vrémci reakce na zpravu posilat zpravy jinym objektdm.
e Objekty mohou o jinych objektech zjistovat informace (nebo
meénit stav jinych objektd) posilanim zprav.

Programming languages.
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OOP — Smalltalk - Zakladni
koncepty jazyka Smalltalk (2)

e VSe v jazyce Smalltalk je objekt.

e Kazdy objekt je instanci néjaké tfidy. Tridy jsou takeé
objekty.

e Kazda tfida je instanci néjaké metatfidy.

e Metatfidy jsou v8echny instanci tfidy Metaclass.

e Blok zdrojového kodu je taky objekt
o Napfiklad t€lo metody — zpravy

e Vyhody tohoto pfistupu jsou napfiklad:
o Dynamicky typovy systém
o Striktni hierarchie tfid
o Silny mechanismus reflexe
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OOP - Smalltalk -
Mechanismus reflexe (1)

e Smaltalk-80 pIné implementuje mechanismus
reflexe.

e Strukturalni reflexe — TFidy a metody, které definuji
systém jsou také objekty a jsou soucasti systému,
ktery pomahaji definovat.

o Systém se chova ,zivy“. Nové tfidy jsou zkompilovany a
pridany do systému (tfida CompiledMethod).
o Mulzeme se ptat na ,otazky" jako:
Jaké metody implementuje tfida XY?
Jakeé tfidy jsou definované v systému?
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OOP - Smalltalk -
Mechanismus reflexe (2)

e Vypocetni reflexe — schopnost pozorovat
aktualni stav systému, pribéh vypoctu
programu.

o MGzeme ziskat odpovédi na otazky jako: Kdo
poslal objektu X zpravu Y?
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OOP - Smalltalk - Prostredi
jazyka Smalltalk (1)

e LiSi se dle specifické implementace konkrétni
varianty jazyka Smalltalk
e Obvykle realizuje ,image-based persistence*
o Prostfedi pro jazyky jako Java oddéluji zdrojovy kéd od
stavu programu.
Zdrojovy kdd je nahran pfi startu aplikace.
Po ukonéeni jsou ztraceny vSechny data kromé téch, které
byly explicitné ulozeny.
o Vjazyce Smalltalk je vSe objektem, tedy naptiklad i tfidy, a
vSe je ulozeno jako jeden ,image“.
e Ten muze byt snadno ,obnoven*.
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OOP — Smalltalk - Prostredi
jazyka Smalltalk (2)

e Pro spusténi aplikace je obvykle pouzit virtuaini stroj.
o Obvykle vyuziva JIT
« Instalace aplikace je pak dodani ,image“ spolu se spustitelnou
(binarni) verzi virtualniho stroje.
e \/yvojové prostiedi je obvykle soucasti prostiedi. Neni vyuzivan
Zadny ,externi“ nastroj.
e Vyhody
o Velmi dobré prostfedky pro ladéni aplikace.
» Moznost ménit chod aplikace za jejiho béhu.
Mizeme ménit hierarchii tfid
Mizeme ménit vlastni IDE
Muzeme ménit ¢innost garbage collectoru
true become: false ®
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OOP — Smalltalk — Syntaxe
jazyka

o Cist& objektové jazyky jsou ze své podstaty velmi
jednoduché.
e Jazyk Smalltalk ma velmi jednoduchou syntaxi.
o Obsahuje pét klicovych slov:
true, false, nil, self a super
o Podporuje tvorbu a zasilani zprav.
o Obsahuije tfi operatory := (pfifazeni), = (rovnost), ==
(identita)
o Umozruje realizaci nékolika typd ,literald“.
e Poznamky jsou v Uvozovkach...
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OOP — Smalltalk — Definice
literala (1)

e Cisla

o 42

o -42

e 123.45

o 1.2345e2

e 2r10010010

e 16rA000
e Znaky

e Zaginaji znakem $ - $A
o Retezce

e Jsou v jednoduchych uvozovkach - 'Hello, world!'
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OOP — Smalltalk — Definice
literalt (2)

e Symboly
o Dva stejné fetézce mohou byt uloZeny na dvou
mistech v paméti — mdlze jit o rdzné objekty
o Smalltalk obsahuje jiny ,typ“ fetezce. Symbol je
sekvence znakl a je garantovano, Ze bude
unikatni, pravé jedna v systému.
o Symbol je definovan za znakem # - #foo
e Pole
o #(1234)

Programming languages.
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OOP - Smalltalk — Proménné

e Implementace proménnych se liSi podle
konkrétni verze jazyka.

e Obvyklé déleni je na instan&ni proménné a
docCasné proménné.
o Doc¢asné proménné jsou v ramci bloku kédu —
deklaruji se v bloku ohrani¢eném | |
o Instanéni proménné (Squeak)
o Tridni proménné
» Globalni proménné
» Pool variables (Sdilené?)
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OOP — Smalltalk — Zpravy (1)

e Smalltalk ,nema*“ zadna kli¢ova slova

Jde o SmallTalk!
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OOP — Smalltalk — Zpravy (2)

e Definice ,téla“ metody rotateBy

e Alternativy:
e rotateAround: aVector by: angle
e rotate: angle and: aVector (,Spatné”)
o klicova“ slova udavaji poradi parametrd
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OOP — Smalltalk — Zpravy (3)

e Obecna struktura zpravy

e Jednotlivé vyrazy konéi teCkou (kromé posledni).
e Hodnota muze byt ihned vracena pouzitim:
e operatoru ~ - “value

e Ktera zprava bude vybrana je rozhodnuto na
zakladeé selektoru: keyword1l:keyword?2:... —
keyword messages

Programming languages.

45



OOP — Smalltalk — Zpravy (4)

e Sémantika posilani zprav
e Zpravy jsou posilany objektdm
e Prvni element ve vyraze je vzdy objekt
o Vysledek ¢innosti je také objekt
« Poradi vyhodnocovani je zleva do prava
o Poradi vyhodnocovani muze byt zménéno pouzitim
zavorek.
e Smalltalk nema implicitni volani na sebe sama.

Java: Smalltalk:
myMethod(); self myMethod
this.myMethod();

Programming languages

OOP — Smalltalk — Vyrazy (1) |3

e Aritmetické vyrazy
Smalltalk neobsahuje unarni operatory
Specialni binarni operatry jako +, -,...

Vysledkem vyrazu 4 sqrt bude 2.0
Vysledkem vyrazu1l + 2 * 3 bude 9 (zpravy
jsou vyhodnocovany zleva do prava)
Vysledkem vyrazu1l + (2 * 3) budein?7
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OOP — Smalltalk — Vyrazy (2)

e Priorita vyhodnoceni zasilanych zprav ve vyraze je nasleduijici:
o Nejvyssi prioritu maji unarni zpravy
o Nasleduji binarni operatory
o Potom keywords messages
o Poradi vyhodnocovani je zleva do prava
e Vyraz:
3 factorial + 4 factorial between: 10 and: 100
e Bude vyhodnocen:
3 receives the message "factorial" and answers 6
4 receives the message "factorial" and answers 24
6 reS%eives the message "+" with 24 as the argument and answers

30 receives the message "between:and:" with 10 and 100 as
arguments and answers true
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OOP — Smalltalk — Vyrazy (3) |::

e Sekvence zprav uréena jednomu objektu muize byt
zapsana jako ,kaskada“ (cascade)
e Misto:
I p |
p := Client new.
p name: 'Jack'.
p age: 32.
p address: 'Earth,
e Mlzeme pouzit:
I p |
p := Client new name: 'Jack'; age: '32';
address: 'Earth'
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OOP — Smalltalk — Bloky

° ﬁbk’ Ikédu (anonymni Function ) mGze také byr chapan jako
iteral.
e Syntaxe: [ :params | <message-expressions> ]
e Priklad bloku: [:x | x + 1]
e MuZeme chapat jako:
o f(X)=x+1
o Ax.(x+1)
e Blok je také objekt.
o MuZeme ho ,nechat” vypogitat svou hodnotu volanim zpravy

:value.
o Muze byt pradan jako parametr:
positiveAmounts := allAmounts select: [:amt | amt

isPositive]
e Bloky se pouzivaji pro realizaci fady uZivatelsky definovanych
fidicich struktur.
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OOP — Smalltalk — Ridici
struktury (1)

e Ridici struktury nemaji speciaini syntaxi v jazyce
Smalltalk.
e Jsou realizovany prostfednictvim zprav!

e Napfiklad ,podminka“ je realizovana volanim zpravy
isTrue na objekt typu Boolean. Argument (blok
kédu) se provede jen tehdy, pokud je jeho hodnota
true.
result := a > b

ifTrue:[ 'greater' ]
ifFalse:[ 'less' ]
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OOP — Smalltalk — Ridici
struktury (2)

e Cykly typu ,while"

| a |

a := 100 atRandom.

[ a =42 ] whileFalse: [ a := 100 atRandom ]
e Cyklus typu ,for"

100 timesRepeat: [ Transcript show: 'Hello

world.'; cr ]
1 to: 100 do: [ :i1 | Transcript show: i; cr
1 to: 100 by: 10 do: [ :i | Transcript show:

i; cr |
100 to: 1 by: -1 do: [ ... 1 0.5 to: 7.3 by:
1.1 do: [ ... ]

Programming languages
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OOP — Smalltalk — Definice tfid | ::

e Obecné schéma:

Object subclass: #MessagePublisher
instanceVariableNames: "'
classVariableNames: ''
poolDictionaries: ''
category: 'Smalltalk Examples®

e Obecna nadtfida je tfida Object
e Vytvoreni nové tiidy je vlastné posilani zpravy subclass
e Vytvofeni nového objektu posilanim zpravy new

o Na zavér Hello world program (omlouvam se, Ze nebyl nékde na

zacatku®):
Transcript show: 'Hello, world!'.
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OOP - Self — Jazyky zalozené
na prototypech (1)

e DalSim ,stupném*® vyvoje objektové orientovanych jazykd jsou
jazyky zalozené na prototypech.
e Jako piiklad téchto jazykdl maze byt Self, lo nebo JavaScript.
e Tradi¢ni objektové orientované jazyky obsahuji:
o Tridy — zobecriuji vlastnosti a chovani mnoziny objekt
o Objekty — konkrétni skute¢né pfipady, které tfidy zobecriuji
e \/yvoj jazykl zaloZenych na prototypech byl motivovan:
o Je tézké definovat hierarchii tfid, pokud nezname presné
vlastnosti v8ech objekttl (nékdy i pokud je zname).

o Muzeme pouzit refaktorizaci, ale v principu by se nam hodil
néjaky lepsi mechanismus, jak ménit strukturu tfid.

o Jazyky zalozené na prototypech tento problém eliminuji eliminaci
duality mezi instancemi objektu a tfidami.
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OOP - Self — Jazyky zalozené
na prototypech (2)

e V jazycich zaloZenych na prototypech nejsou
objekty instancemi tfid
e Nové objekty vznikaji klonovanim objektu
stavajicich
o Prototypy — objekty, které slouzi zejména jako
vzor pro klonovani novych objektd.
o Pokud chceme vytvofit unikatni typ objektu s
pravé jednou instanci, nemusime vytvofit dvé
entity — tfidu a objekt.

e Tato technika pfinasi vyrazné zjednoduseni
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OOP - Self — Popis jazyka Self

e Jazyk Self vychazi z jazyka Smalltalk
e Zakladni vlastnosti:
« Self obsahuje pouze objekty.
« Objekty v jazyce self jsou kolekci ,slotl*.
Self nerozliSuje instanéni proménné a metody.

o Do kazdého slotu muzeme umistit néjaky objekt a tento objekt
jsem schopni pak také ziskat.

myPerson name — vraci hodnotu uloZenou v objektu myPerson ve
slotu pojmenovaném name.

myPerson name:’Marek' —vloZi do slotu novou hodnotu.
o Self pouzivéa bloky kodu (jako Smalltalk).
» Metody jsou objekty, které kromé slotl obsahuji navic i kéd.
Ve slotech metody jsou uloZeny parametry a do¢asné proménné.
o Posilani zprav je zakladem syntaxe jazyka Self. V principu je
fada zprav posilana implicitné na self (jakov Javé this).

Programming languages 191

OOP — Self — Popis syntaxe :

e Obdobné jako ve Smalltalku existuji tfi typy zprav:
e unary -receiver slot_name
o binary - receiver + argument
o Keyword - receiver keyword: argl With: arg2

Kli¢ové slovo (selektor) za¢ind malym pismenem, argumenty
velkym!

e Priklad pouziti:
e valid: base bottom between: ligature bottom +
height And: base top / scale factor.

e valid: ((base bottom) between: ((ligature
bottom) + height) And: ((base top) / (scale
factor))).

e Priklad Hello world programu:
'Hello, World!' print.
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OOP - Self — Vytvareni novych
objekta (1)

e Nové objekty v jazyce Self vznikaji kopirovanim
labelWidget copy label: 'Hello, World!'.
« Objekt je samostatna entita. Neexistuji zadné tfidy ¢i meta-
tridy.
» Vytvofeny objekt udrzuje vazbu na ,rodiovsky” objekt.
o Jeden slot (parent) obsahuje odkaz na rodi¢ovsky objekt a
mUze byt pouZit k delegovani zprav na tento objekt.
Timto zplsobem je ,realizovana dédi¢nost".
Stejny princip Ize vyuzit k realizaci jmennych prostoru.
o Pokud potfebujeme zménit chovani objektu, mizeme
pfidavat ¢i jinak modifikovat sloty.

Programming languages 193

OOP - Self — Prostredi

e Prostiedi pro realizaci a spusténi programu v
jazyce Self je podobné jazyku Smalltalk
e Programy nejsou ,samostatné” entity.
o Je pouZit virtualni stroj.
e Program je pfenasen jako obraz paméti
(snapshot).

o Umoznuje jednoduse modifikovat program za
béhu.

e Snadné ladéni aplikace.
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