EMA232 — MpoypapUOTLOTIKEC
TexVIKEC KalL Epyaleia

Elooywyn: C yla MNpoypappuoatioteg JAVA
(Kepdhouor 1-2, KNK-2ED)

Tunua MNAnpopopkng, MaverioTnuio Kuttpou

http://www.cs.ucy.ac.cy/courses/EPL232
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YTolxela Atdaokovta

e Atbaokwv: Avopeac Aploteidou
* Emukowvwvia (email): a.aristidou@ieee.org

* Qpec ypadeiov: Movo pe pavtefou
* lpadeio: OEEO1 B113

* BonBoi Awdbaokovtec: NMavAoc Avtwviou (~csp5pal) ko
Muppoc Mnipaokac (~bratskas)
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2ToxoL MaOnuoartoc

* ENA131: Apxec Mpoypappoatiopou |
* Avamrtuén de€lotntwy otnv eniAvon mpoBANUATWVY LLE AAYOPLOULKO TPOTIO, LECW
SL08LKAOTLKOU KOl AVTLKELMEVOOTPEPOUC MTPOYPOAHHATIOHOU
* OgpeAiwon tnc aAyoplOuknG okEYNG Kol TwV BACLKWV apXwV MPOYPAUUATIGHOU

e ENANA232: MpoypaUOTIOTIKEC TEXVIKEC Kol Epyaeia

e EvOLapEDEC KOL TPOXWPNMEVEC EVVOLEG KOLL TEXVLKEC TIPOYPOAMHATIOMOU HECOW ULOC XanAoU
emunedou YAwooo

e Avamtuén peyoAwv eVPWOTWV tpoypappatwy / BLPALoONnKwv to omoia Ba emAUvVouV
noAUTAoka tpoBARpaTa.

* Mpoxwpnueva Bepata dlaxeiplong tng KUPLAG Katl deutepelovoac LVAUNG oo Th YAwooo
NpoypoppaTIopMoU, BEpata petayAwtTiong, oAokKAnpwHEvVa epyaleia avantuéng, nebodoug
arnoocPpaApdatwon Kol BeAtiotonoinong tov Kwdika

University of Cyprus
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uuBoAalo MaBnuatoc

Entinedo: Mpomtuylako
* YIoxpewTlkd Mabnua

* Mioctwon: 7.5 povadeg ECTS

Mpoanattovpeva:
* ENA131: Apxéc Mpoypappatiopou |

MéEBodot AdaokaAiac
* AlaAé€elg & Ppovtiotipla (4 wpeg efdopadiaiwg): Zuvbuvaouevn Mapadoon Aldaktéag
YAN¢ kot Oswpntikn Epmedwon
* Epyaotipio (2 wpec efdopadiaiwe): Eumedwon SLaAéEewv HEow AOKAOEWVY, EKLABNON
gPYOQAELWVY, TTPOKTIKA EEALOKNON, EVKALPLA YLOL TILO TIPOCWTILKN EMALUGN ATTOPLWV.
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uuBoAalo MaBnuatoc

* AéloAoynon
e 55% TeAwkn E¢€taon (1)
e 20% Evéiapeon E¢<taon (1)
* Huepounvia: 25/10/2024
e 25% AOKNOELCG

* MNpoypappatiotikeG Aoknoelg (2) —7.5%
* Opadwkn Epyaoia (1) — 10%

AT A

University of Cyprus
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BiBALloypadia

Baowkn BiBAloypadia T

* K.N. King, C Programming: A Modern Approach, Second Edition, ISBN-10:
(2)882979504, ISBN-13: 978-0393979503, 832 , W. W. Norton & Company,
. 'Y

* Your UNIX/Linux: The Ultimate Guide, 3rd Edition, Sumitabha Das, McGraw
Hill, ISBN-13 9780073376202, 800 pages, 2013.

BonOntikn BiBAoypadia
e INUEWOELC AtaléEswv MaBrpatoc ONIX/Linux

* Programming in C, 4th Edition, Stephen G. Kochan, ISBN-10: 0321776410, N \
ISBN-13: 9780321776419, Addison-Wesley Professional, 600 pp, 2015.

* H Nwooa C o BaBog, Nikog Xatgnytavvakng, Tpitn Ekboon, 978-960-461-
208-6, KAelbaplBuog, 2009.
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Instructor: Andreas Aristidou

Type:

Prerequisite: EPL131 - Programming Principles |

Dr. Andreas Aristidou
University of Cyprus M Home Publications Research Teaching MoCapLab Contact

EPL232: Programming Techniques and Tools

Undergraduate (Compulsory)

Lectures A: Tuesday & Friday, 10:30-12:00 (XQAO02 #B205)
Recitations A: Wednesday, 11:00-12:00 (XQA02 #B210) )
Teaching Assistants: Pavios Antoniou and Pyrros Bratskas

This lecture has been structured based on the notes of the Associate Professor Demetris Zeinalipour.

Overview

The course teaches intermediate and advanced programming concepts, technigues and tools through a language that compiles to machine code. The course familiarizes the students with advanced programming
constructs utilized for handling memory and files. Advanced topics in compilation, debugging, documentation and optimization of software. Methodological aspects in developing large-scale system software that
addresses complex problems. Basic commands for programmers in the UNLX operating system.

News

Sign-up now to Moodle using code handed out in class!

Content

Intreduction to C for Programmers: types x86/x64, loops, selections, expressions, arrays, functions, 10, basic program organization,

Advanced C programming constructs: program anatomy and processes, memory and addresses (pointers, pointers and arrays, strings and examples), structures, unions and enumerations. Linear and non-
linear programming data structures (dynamic memaory allocation, lists, queues, doubly-linked lists, trees, applications and examples).

Advanced Compilation Topics and Tools: preprocessor directives, compiling multiple files with makefiles, static (.a) and dynamic (.so) linking of object files (.0}, error handling (assert.h), static and dynamic
code analysis (valgrind and gprof).

low-level pregramming (binary operators and examples, binary files and hexdump).

Basic commands for programmers in the UNIX operating system: file system, redirection and pipes, permissions and basic filters.

» You can download the syllabus of the course here...

Course Schedule and Lectures

1

2. Fundamentals |: Formatted /O, Expressions, Selection Statements, Loops The printf() and scanf() functions, Arithmetic Operators, Assignment Operators Ivalues), Incr/Decr Operators, Expression

Introduction: Syllabus & Basics Course Objectives and Syllabus, C Advantages and Drawbacks, Comparing C with JAVA, First Program, Directives, Functions, Statements, Compiling C Programs with
GCC, Native vs. Intermed. Compile [C/C++/Objective-C vs. JAVA/Android/C#], Basic Data Types, basic comments, x86/x64 data types basics, reserved identifiers. [PDF | 3.98 MB]

Evaluation (precedence and order), Logical Expressions and _BOOL (C89), if. .else, dangling-else, switch .. break, Loops (while, do, for, break, continue, goto). [PDF | 0.63 MB]

3. Fundamentals lI: Basic Types, Arrays and Functions Integer, Float, Character Types on x86 and x64 platforms, Type overflow and explanation, Type Conversion (Implicit and Casting), Type Definitions Btldou@leee.org

with typedef, The sizeof operator, 1-d arrays and m-d arrays: subscripting, initialization, sizeof. [FDF | 2.21 MB]


http://www.cs.ucy.ac.cy/courses/EPL232

lotooeAlOa Ladnpatoc

* OAec oLt mMAnpodopiec tou pobnuatoc Ba Bpiokovtal oto aakoAouvbo
URL: http://www.cs.ucy.ac.cy/courses/EPL232

* [La TIC ekTTALOEVUTIKEC HpaoTNPLOTNTEC TOU pabnuatoc (umoBoAn
gpyaoctwv, GOPOUN OVaKOLVWOEWY, EpwTnpatoAoyLa, BadpoAoyieg
gpyaotwyv, KtA.) 6a xpnotpomnolnBei to Moodle:
https://moodle.cs.ucy.ac.cy/

University of Cyprus
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Aatpoppa TnAekmaidevon

EPL232 - Programming Techniques and Tools

Home » Courses » Undergraduate » EPL232 » Enrol me in this course > Enrolment options

NAVIGATION =]
Home Enrolment options
= Dashboard
Y (Sisipegen % EPL232 - Programming Techniques and Tools rd
 Current course
= EPLZ32 Instructor: Demetris Zeinalipour . i
e Birmes The course teaches intermediate and advanced
programming concepts, techniques and tools through a
language that compiles to machine code. The course
ADMINISTRATION 5] familiarizes the students with advanced programming
T constructs utilized for handling memory and files.
2 Enrol me in this course Advanced topics in compilation, debugging,

documentation and optimization of software.
Methodological aspects in developing large-scale system
software that addresses complex problems. Basic
commands for programmers in the UNIX operating system.
i) Introduction to C for Programmers: types x86/x64, loops,
selections, expressions, arrays, functions, |0, basic
program organization, ii) Advanced C programming
constructs: program anatomy and processes, memory and
addresses (pointers, pointers and arrays, strings and
examples), structures, unions and enumerations. Linear
and non-linear programming data structures (dynamic
memory allocation, lists, queues, doubly-linked lists, trees,
applications and examples). iiij) Advanced Compilation
Topics and Tools: preprocessor directives, compiling
multiple files with makefiles, static (.a) and dynamic (.so)
linking of object files (.0), error handling (assert.h), static
and dynamic code analysis (valgrind and gprof). iv) low-
level programming (binary operators and examples, binary
files and hexdump). v) Basic commands for programmers
UNIX operating system: file system, redirection and
rmissions and basic filters.

pipes;

~ self-enrolment

Enrolment key 1 Unmask

University of Cyprus

Eyypageite kGvovTtag
Xpnon Tou
KA&18100 Eyypa®ng
TTou Ba d00¢i oTnv TACN!

Dr. Andreas Aristidou a.aristidou@ieee.org



H yvAwooa nipoypappatiopov C

* H C elvat eva urtomtpoiov tou UNIX, mou avamntuxbnke ota
epyaotnpla tnc Bell amo toug Ken Thompson, Dennis Ritchie, k.a.

O Thompson apyLlKd AVETTUEE ULt YAWOGO O TIPOYPOLLLOTIOUOU TNV
omotia ovopooe B.

* To 1971, o Ritchie apyioe va avamntuooel pLlo ekteTapevn ekdboon TG
B, tnv omoia apyka ovopoce NB (“New B”).

* KaBwc n yAwooa apxLoe vol armokALVEL TTEPLOOOTEPO ATO TNV B, TNV
netovopaoe o€ C.

* H ylAwooa Atav apketd otabepn amno to 1973, onote mAcov 1o UNIX
uropovoe va savaypadel os C.

University of Cyprus
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Kavovikoroinon tn¢ C

* K&R C
* Nepypadetal oto Kernighan and Ritchie, The C Programming Language (1978)

e De facto mpotumo

* C89/C90

e ANSI tpotumo X3.159-1989 (oAokAnpwBnke to 1988; eykplOnKe Kol TUTILKA OLTTO TOV
AekeUPpLo tou 1989)

* AleBvec mpotumolSO/IEC 9899:1990

* C99
* AleBvec mpoturo ISO/IEC 9899:1999
e Evowpatwvel Tig aAAayEc amo tnv tpomoAoyia 1 (1995)

University of Cyprus
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[atl pa®aivoupue C;

Anuorikornra N woowv lNpoypauuarioyou
02/09/2019

The TIOBE Programming Community index is
an indicator of the popularity of programming
languages. The index is updated once a month.
The ratings are based on the number of skilled
engineers world-wide, courses and third party

vendors. Popular search engines such as
Google, Bing, Yahoo!, Wikipedia, Amazon,
YouTube and Baidu are used to calculate the
ratings.

Note that the TIOBE index is not about the best
programming language or the language in which
most lines of code have been written.

University of Cyprus

Aug 2019

1

10
11
12
13

14

16
17
18
19

20

Aug 2018
1

2

13
44
12
10
19
17
11
16

18

Change

«

«

Programming Language
Java

c

Python

C++

C#

Visual Basic .NET
JavaScript

PHP

Objective-C

saL

Ruby

MATLAB

Groovy
Delphi/Object Pascal
Assembly language

Visual Basic

Ratings
16.028%
15.154%
10.020%
5.057%
3.842%
3.695%
2.258%
2.075%
1.690%
1.625%
1.316%
1.274%
1.225%
1.194%
1.114%
1.025%
0.973%
0.890%
0.860%

0.822%

Change
-0.865%
+0.19%
+3.03%
-1.41%
+0.30%
-1.07%
-0.15%
-0.865%

+0.33%

+0.13%
-0.09%
+1.04%
-0.18%
-0.30%
+0.10%
-0.02%
-0.49%
-0.31%

-0.14%

AplOuoc Avalntnoswv (Turing-Complete) NMwoowv octo WWW

Dr. Andreas Aristidou

a.aristidou@ieee.org



Language Types (click to hide)

@ weo [] Mobile L Enterprise 4§ Embedded |

/' i Language Rank Types Custom Ranking
[atl paBoatvoupe C; Voo @ we WS
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. =r.
coe @07 (EENM
Anuorikornta Nwoowv lNpoypauuariouou 5. JavaScript @ [ s
02/09/2019 orw  © AN
ro @07 e
This app ranks the popularity of dozens of programming : ’:Zemb” = g* =
languages. This app was originally developed in ﬂ;_GDy e - I
collaboration with IEEE Spectrum. I e s
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o
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https://spectrum.ieee.org/top-programming-languages-2022

H vAwooa C kat ta UNIX etva tavtou !

Vmware,
Oracle,
etc.

Wirtuol Mochines Wirtual Machines

Ko Rop Aps Mpa Aap Ben App Mpm Ape Ran
oF OfF OF 0oF OF OF OF OF OF o5

#3

The Tesla GitHub repository contains the code for the Model S/X 2018.12
software release: Tesla Autopilot platform, the kernel sources for its
o ‘ underlying hardware, and the code for its Nvidia Tegra-based infotainment
/ system.
N N
University of Cyprus

Android
Smart TV

= OB B~ i - |
i "mvwoﬂmm m

loT

Mobile

iOS an>=01d
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Matl paBaivoupe C (peta tnv Java);

* A) Na va Katavonooue o€ BaBo¢ tov KUKAO EKTEAEONC TWV
npoypappatwyv (Araxsipton Mvaune, Eloodouv/E€660u, Asdopeva
otn Asutepevovca MvAun, KTA).

* H apxwtektovikl Von Neumann amoteAet 1o utoBabpo OAQN twv
oUYXPOVWYV UTTOAOYLOTWV.

Central Processing Unit I_I ,
EPI OWETE TI
Control Unit Control Unit Main / ‘,) Vp q{
Memory [ YiveTal éTav
input P—— )| output EKTEAEOOUME Eva
Device Device ”
- TPOYPAPHA
i Second / T
l I:IReg SI:Iters Mernozy N snagspvaclag
— OedOMNEVWIV.
Memory Unit — Storage
Devices
Central Processing Uni
tr (CPUY g t Bus
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Matl paBaivoupe C (peta tnv Java);

* Tvwpilovtac to Von Neumann pnxavnuo, 8a pmopou e va e€nyrnooupe os Baboc
TNV cUMNEPLPOPA EVOC TPOYPAHHATOC KOIL TOU CUCTALOTOC
 |SLaitepa, Ba ekTIHAOOUUE TTWC AAANAO-CUUITANPWVOVTOL TAL LOBAHOTO TOU
NPOYPAUUOTOC OTIOUS WV
e XapunAou Emntinedov / YAko
* EMNA121 Wndraka Zuot. / EMNA370 Apxutek. / ENA470 Evo. Zuot
* ENA221 Opyavwon YmoAoylotwv Kol 2UBoALKOC MpoypaUaTIOUOC
e Evéiuapeoov Emunédov / Zuotipata
* Baoelc Asdopevwy (EMA342 kat EMNA446)
* Aettoupyka 2uotnuoata (EMA222),
* Mpoypappatiopog Zuotnuatwy (EMNA371)
e Aiktva (EMA324 & 375) kot AodaAeta (EMA475)

University of Cyprus
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Matl paBaivoupe C (peta tnv Java);

* B) ®hocodkoi Aoyor: H moAuyAwooia eival Ko oTiC LEPEC HOLC.

e Aev glval OAEC Ol YA\WOOEC AVTLKELUEVOOTPEPDELC....

e Juvaptnolokeg Nwooeg (amokAeloTtik xprion ouvaptioewv): Haskell, Erlang,
«SQL» KTA.

* NoyKEC MAwooeC (IMOKAELOTIKA XPION KOVOVWYV KOl KATAOTACEWV): TL.X., Prolog,
Datalog Querying, R++

o Awadikaotikéc Mwooec (armokAslotikn xpnon dtadikaowwv): C, Javascript, Fortran,
Matlab, Python, Perl, Visual Basic, VB Scripting, Occam, Go, Eiffel, ktA.

* MToAAEC YAwWOOEC onpepa apexouv dlaxeiplon avtikelpevwy (object-based, m.x.,
Obj.name), aAAQ OXL QVTIKELLEVOOTPEDLAL.

* Emopevwce eival kaAo va e€ooknBoupe og eva dtadopetiko Kat dStadedoEVO POVTEAD
TPOYPALLUATIOMOU.

University of Cyprus
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Matl paBaivoupe C (peta tnv Java);

* ) AA\ow Aoyot:

e H C eival anodotikn (efficient)!

* H C eival n yYAwooa tou Unix/Linux, mAatdoppec mou Aettoupyouv 1o
HLEYAAUTEPO TTOCOOTO TWV TIAYKOOLLWV UTIOSOUWV & CUCKEU WV OTLC LEPEC
LOLC.

H C eival mpotunonotnpévn (standard libraries), dopntA (portable),
gvéAwktn (flexible), apBpwtiA (modular), kat emwrpentikn (permissive).
e KatdAAnAn yLa mpoxwpnUEVOUC ITPOYPAULUOTLOTEC...
H C eivat n Baon tng C++, tn¢ Java/C#, tng Obj.-C
* Aec emopeveg SlapAveleC
H C eival XapnAov Emuédou kot WnAov Emumédou
o amno GUI puéxpt ZupPoAkd Kwdika (Assembly)!

University of Cyprus
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Aduvapiectnc C

e Tol MPOYPOMOTA TNC LUTTOPEL VAL ELVOL ETILPPET 0 AAOn.
* Ta mpoypappata Tt Umopel va eivoi SUokoAo va katavonBouv.

e Tol mpoypappota T Umopel va eivoit SUokoAo va tpomomnotnBouv.

UnWé’l‘/ﬁ@?to@ €Prlis W- Norton &

Company. 19 .. . - .
All rights reserved. Dr. Andreas Aristidou a.aristidou@ieee.org



Mother
Tongues

Tracing the roots of computer
languages through the ages

1954 1955 1956 1957 1958 1959 1960 1961
e o waiely Flow-Magic =—"Cobol Cobol 61
used languages
in science and Originally B-O. The culprit behlnd
engineering. One of the first many

Also known as
Common Business-
Oriented Language.

Possibly the first
list-processini Lisp has an unusual syntax made
3 up of lots of nested parantheses.

Still popular with Al researchers.

thesis.

Invented by John McCarthy at MIT,

Just like half of the world’s spoken tongues, most of the 2,300-plus computer Code-raker Grady Booch, Rational Software’s chief scientist, is working with the Computer Key
progr are either endangered or extinct. As powerhouses C/C++, History Musuem in Silicon Valley to record and, in some cases, maintain languages by writing 1954  Year Introduced
Visual Basic, Cobol Java and other modern source codes dominate our systems, new compilers so our ever-changing hardware can grok the code. Why bother? “They tell Active: thousands of users
hundreds of older languages are running out of life. us about the state of software practice, the minds of their inventors, and the technical, social, taught at uni
An ad hoc collection of engineers-electronic lexicographers, if you will-aim to and economic forces that shaped history at the time,” Booch explains. “They’ll provide the available
save, or at least document the lingo of classic software. They’re combing the globe’s raw material for software archaeologists, historians, and developers to learn what worked, Endangered: usage dropping off
9 million developers in search of coders still fluent in these nearly forgotten lingua what was brilliant, and what was an utter failure.” Here’s a peek at the strongest branches Extinct: no known active users or up-to-date
frangas. Among the most endangered are Ada, APL, B (the predecessor of C), Lsp, of programming’s family tree. For a nearly exhaustive rundown, check out the Language List compilers
Oberon, Smalltalk, and Simula. at HTTP://www.informatik.uni-freiburg.de/Java/misc/lang_list.html. - Michael Mendeno Lineage continues
1963 1964 1965 1966 1967 1968 1969 (1970 (1971 [1972 | 1973 | 1974 [1975 [1976 1977 | 1978 | 1979 | 1980 | 1981 |1982 | 1983 |1984 [1985 |1986 | 1987 1988 | 1989 | 1990 | 1991 [1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001
ran 90 ISO/IEC
Created for the IBM 7090/94
ANSI Cobol 74 ANSI Cobol 85 00 Cobol
A Lisp-like language designed ALisp offshoot that’s
by MFresearc er Seymour still u';ed in introdur- Scheme 84 w Scheme R5RS
Papert tt?l mtakshplrggrar‘|'|1|||lngh Iry prog:am:ningm
- accessible to children throu classes at universities.
geg;?"eb';‘f;": ::::t'"p' graphics and simple synmxg Haskell 1.1
features of Fortran,
Cobol, and Algol 60. SPRETR Ol t Logo Common Lisp
/ Object System.
/d ANSI Common Li
= ANSIPLIT g Self 4.0 g
Ty 0 The version Xerox
:'g:,’{;’,‘,{';‘fah;ﬂg;:g,?;,ii?;?,?ﬁi"cas released to/the public. Asimple object- InIlIaIIy called Oak. Still one of the fastest-growin
computations. Algol 68’s complexity P L oriented '3"9“399 angua%es around, despite the standards fued bef
was either ahead of its time or rightfully Sun and Microsoft. Somewhat like C++, Java allows for

doomed, depending on whom you ask.

The first language to shomomhe power ol

The hoped-for Esperanto of
the computing world. Designed
by an international Zurich-
based committee as a universal
language, it was one of the first
attem| making software
more portable. Initially called
International Algebraic Language.

object-oriel code. Devel
Concepts Group, Xerox PARL?. Iodbgy Alan K:y

O E—— A7 AR

“write once, run anywhere” portability across the Net.

Restructured Extended Executor \ An object-oriented language. Asimple language

Popular in Europe during the
‘70s, Simula introduced the
now-standard concept of
object-oriented, rather than

All- -purpose
version of
Simula

Prolog

Programming en

Brocedural programming.

esgined by Kns(en Nygaard

Logique for natural-
language processing.

and Ole-Johan Dahl.

Popular for Al programs.

Called Cluster, it's

an object-oriented
academic language
created to teach rigid
engineering skills.

Survival of the Fittest

Reasons a language endures, with examples of some classic tongues

Appeals to a wide audience C (bolstered by the popularity of Unix)
Gets a job done Cobol (designed for business-report writing)
Delivers new functionality Java (runs on any hardware platform)

Fills a niche Mathematica (speeds up complex computations)

Offers a modicum of elegance

Has a powerful user base or backer C# (developed by Microsoft for .Net)

Has a charismatic leader Perl (programmer-author Larry Wall)

One of the most widely deployed
Iangnagos today. Windows and
Unix OSes are written mostly in
C and its descendants.

Object Rexx

Inlerac!lve \
d = nnented
asic varue, C=?). janguage.

Marco and text-processin.

Java 2(v1.3)

Objective-C

Microsoft’s answer to Java,

Eiffel 3 1 g

files programma

ttically,

her

than editing them by and

Neﬁ AWK, a gaﬂern

scanning and pro-

cessing language.

it is a key component of
An object the Microsoft.Net platform
oriented for Web services.
language.

A popular language amon,
Web site builders, it includes

Possibly the most
commen language
today. Adds object-

oriented features to C.

features missing from Perl.

Tool Command Language, “tickle.”

The duct tape of prog rammm?|

(a scripting language for patching

together different languages).
L

Microsoft’s version
of JavaScript.
Can't they share
anything? :-)

C--, a scripting
language.

[]
\
/ []

Tel | TellTk

/ /

\

l

\

7

/
L
J

Updates C++ for the
Net with a Java-like
virtual machine, so

ADA 95

code can run on any

King of the one-liners, also referred
to as A Programming Language.

An algebra-like language with

a special set of characters for
writing complex programs as short

formu lesigned by Kenneth
Iverson at Harvard.
Although mocked by “real” programmers for
its limited abilities, Basic has outlived many
more advanced languages, as well as the APL

RadioShack TRS-80 computers that made
it a household word. Stands for Bigenner’s

All-Purpose Symbolic Instruction Code.

S Basic 2.0

1 kind of computer.
Ateaching langu: age named The US Department of Defense’s effort to craft a standard object-oriented Found in millions of Web pages. Originally dubbed LiveScript, it
for Frencl ematician language for its work. Named after Ada Lovelace, arguably the world’s first was renamed by Netscape marketers who licensed the name
Used primarily Blaise P““' Designed by computer programmer, and created by Jean Ichbiah’s team of Honeywell. to ride Java’s buzz. It has lttle in common with that language.
Icon (has friendly, line-oriented syntax) for non-numeric ".ih“swml Msm?g‘""' odula 2 1ISO
eI friresctioriel e Modular Object-oriented Another creation of Niklaus Wirth.
of Algol 68. Language T e IR Object Pascal Oberon Later modified by Robert Griesemer for
for simplicity. numerical apps on supercomputers.
The swiss Army Knife of rrogrammm? (a k a Practical Extraction and
Report Language), used for patcl gether different languages. Perl 1.000
Strln -processing language for text Spawned a quasi-literary culture tha! wntes Perl haiku
: ' L:nnula man||z||1lauort|B :‘:%lynmon Prog;alﬂmedr s eas()" stree't u m
in text processers. Inven - with this descendant of
Pawcll, Iarber, Raa‘l hlﬁzmi;uold, and Snobol, there’s no need to A gononl purpose language known for C-Shell, a scrlptllw language and command- Standard ML, a The kitchen smfeka o: r‘;gr'l‘;':al.rl.: x|."e e
van Polonsky at Bell Labs. know the underlying OS. 3”,, esigned. by Ralph shi r b pIG B I-purp based on the original Bourne language.
Grlswol to bo 'successor to Sno to make Unix command lines more like C's. [EJIEL: shell (a k a Bourne Again Shell).
[Snobol Snobol4 (- SMLOD SHLST g
Meta Page-description language for Frmters and
Word-based language Laen o graphics slstems 75 percem of all commercial Caml Caml Objective Caml , O Caml 2 0O Caml 3.00
first used to guide the guag ipt printers.
National Radio Astronomy
Observatory telescope at
Kitt Peak ir:y Arizone.p m . o RoeiSciiptifovellZ 2
Categorical Abstract Machine Language
APL 96
Microsoft Basic

Visual Basic

Sources: Paul Boutin; Brent Hailpern, associate director of computer science at IBM Research; The Retrocomputing Museum; Todd Proebsting, senior researcher at Microsoft; Gio Wiederhold, computer scientist, Stanford University

The Rodney Dangerfield of programming
languages. Popular for building Web
sites with Microsoft Visual Studio tools.



Awooec Baolopevec otnv C

«Orav uabere C 0Aec o1 aAAeC YAwaoaeg Ba gival EUKOAESH

o C++ meplhapfavel oAa ta mAsovektpata tng C, aAAd meplAapBavel KAAGELG
(classes) kot AAAeC €vvoleC yLa AVTIKELHEVOOTPEDN MPOYPAUHUATIOUO.

* 1.X., Windows Systems & Applications, Libraries, KtA.

* Java Baoiletal otnv C++ aAAd TNV ATTAOTIOLEL ELOAYOVTOC AMMAOUGTEUMEVN

ouvtaén, Staxelplotn pvnung (garbage collector), k.a.
* Web Applets, Enterprise Progr. (DBs), Android, etc.

o C# elvaL rtAgov n 1o dtadedopevn yAwooa tng Microsoft Baolopévn oto HOVTIEAO
TNC Java.
* Microsoft .NET epappoyec. Window Phone, Cloud, KtA.

e Objective-C civalL n y\wooa yia tAatdpopuec Apple
e OQuolaoTika tpokeLtal yia C pe armAn avilkeLPEVOOTPEDLA
* .x., Epappoyec yia Apple Mac, IPhone, IPad, IPod, KTA.

University of Cyprus
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AwooEC Bc

«Ouoiornta ouvraéng
VAWOOEC OIVOUV TTEQIOT

1050 Al

Hallo, Workd!

i hitp-{ fwebdev apl jhu edufserdet/hall HellowWorld 9] E3

J File  Edit Yiew Go Fawvortes Help |i
|- =-0ff @m38 @A ad

J Address I@ hitp:/ fwebdev.apl jhu.edu/servet/hall HelloWorld

Hello World

,7,*,*,*@ Internet zone

S CI | =

University of Cyprus

C (GNU, Cross-Platform) - Procedural

// hello.c

#include <stdio.h>
int main(int argc, const char *argv[] ) {
printf( "hello world\n" );

return O;

C++ (GNU, Cross-Platform) - Obj. Orie.

// hello.cpp
#include <iostream> using namespace std;
int main () {

cout << "Hello World!";

return O;

JAVA (Sun/Oracle, Cross-Platform) - 0O

// hello.java
public class hello {
public static void main (String args []) {

System.out.println (“Hello world”) ;

C# (Microsoft) - 00

// Hellol.cs
public class Hellol {
public static void Main() {

System.Console.WriteLine ("Hello, World!");

}
Objective-C (Apple) - Proc. f 00

// hello.m
#import <stdio.h>
int main( int argc, const char *argv[] ) {
printf( "hello world\n" );
return 0;
}
JAVA (Servlet)
package hall;
import java.io.*;
import javax.servlet.*;
public class HelloWorld extends HttpServlet {
public void doGet (HttpServletRequest request,
HttpServletResponse response)
throws ServletException, IOException {
PrintWriter out = response.getWriter();

out.println("Hello World"); }

Dr. Andreas Aristidou a.aristidou@ieee.org



To nipwto npoypappa C

#include <stdio.h>

int main (void)

{
printf ("Hello World!'\n");

return O;

}

* To TILO TTAVW TIPOYPALA ATtOBNKEVETAL OE OPXELO LLE OVOuOL
hello.c.

* To OVOpOL TOU apXELoVU pTtopel va eilval ottdnmote, aAAd n
KATAANEN . ¢ ouxva amalteital oo TouC LETAYAWTTLOTEC.

University of Cyprus
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MetayAwttion & Zuvdeon

* [pwv eKTEAEOTEL Eva TpoOypappa, Tpla Bripata ivatl cuvnwc
arapaltnTo:
* MMpoereéepyacia (Preprocessmg) Eneéepyaoia evtoAwv apyeiov mou
Eeklvave e #, yvwotd we odnyiec mpoeneéepyaotn (directives)

* MetayAwrttion (Compiling). MetayAwTTLoN TOU ApXELOU O YAWCOA LNXOVAC
(object code).

» Juvéeon (Linking). O linker cuvBeteL To object code Twv €Tl HEPOUC aPXELWV
LLE OTLONTIOTE ETUTAEOV KWOLKA QTTALLTELTOL VLA VoL TTapaXOel Eva eKTEAECLLLO
apxeLo.

* O preprocessor givat cuvnBwc pepoc tou compiler kat OAa ta Lo
MavVwW ekteAoUvTOL LE TN ML OTwE Ba SoU e oTNV EMOUEVN
dladavela.

University of Cyprus
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MetayAwttion & Zuvdeon

e O petayAwttiotnc C tou UNIX eiva o CC.
$ cc hello.c (Omou % nypapun evtoAwv UNIX)

* To Linking yivetow autopata (€dv kol prmopel va yivel emAekTka pe tTn 1d evioAn,
Ba to Sovpe apyotepa)
* To amotéAeopa eival to a . out apyeio (mpoemtloyn) to omolo €ivat to

eKTEAEOLMO TTpOYpappa (executable)
* To OpLOMA —O ETUTPETIEL TOV TPOOSLOPLOLO TOU OVOUOTOG TOU EKTEAECLUOU
©)

% cc -0 hello hello.c ; ./hello

N

Eav 1o pyovorrari uerayAwrriong O€v givai atnv UerapAnTn
repiBaAdovrog PATH, tore amaireital 1o « »

University of Cyprus
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MetayAwttion & Zuvdeon

* O GNU GCC €ival o 1o yvwotoc petayAwttiotng oe C.
e 10 Hadnua Ba ypnotporotnoouvpe MONO tov GNU GCC petayAwTttiotn, N
Xprion tou omoiou eivol opota e to CC.
% gcc -0 hello hello.c

&
‘VA[ University of Cyprus
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MetayAwttion & Zuvdeon

e H C amoteAettol amno €vo cUVOAO CUVTOKTLIKWY KOVOVWV.

* [a va ekteAeoTel eva ipoypappa C PEMEL val XPNOLLOTIOLNOEL EVag LETOYAWTTLOTAG
(compiler), o onoiog kataokevaletol ano SLAdOPEC ETALPELEC KOl OPYAVIOUOUC.

 H American National Standard Institutes (ANSI) 6nutoupynos To tpoturo ANSI C yia
)\ovouq uetadepopotntac (portability) tou kwdika to omoio kaAouvtal ol SLadopEeC

gTOLPElEC va akoAouBouv.

* Epeic Ba ypnowponowjooupe tov GNU GCC o omoiog sivat oupBatoc pe tnv ANSI C18 (2018), C11 (2011)
Kot C99 (1999) £kdoon, evw apketol dAAoL urtootnpifouv povo C89 kol AAAEC TIPOEKTAOELG EKTOC

T(POTUTIOU.

Microsoft

Aidypaupa VENN yia
METAYAWTTIOTEC C

Borland

University of Cyprus
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MetayAwttion & Zuvdeon

* H yevikn popdrn evoc POoypAUUOTOC EXEL TNV akOAouOn popodn

directives

int main (void)

{

statements
}\
\> H C xpnotpormolet ta { Kot} HUE TAPOUOLO TPOTIO TTOU AAAEC

YAWOOEC XpNOLUOTIOLOUV TIG Aé€ELg begin Kal end.

&
‘VA[ University of Cyprus
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Odnylec npoenetepyaotn

* MMpotou eva mpoypappa C LETAYAWTTLOTEL, emeepyaleTal MPWTO OO
Qo £vav TIPOETEEEPYAOTH).

e OL eVTOAEC ou TtpoopllovTal ylo Tov MPOoEmeéepyaotn ovopalovtol
obnyiec (directives).

* Mapadetypa:
#include <stdio.h>

e <stdio.h> elval eva header mou nepleExel MANPOoPoOPLEC OXETIKA LLE
ta potuna tng C’'s og BLBAL0ONKN I/0.

University of Cyprus
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Odnylec npoenetepyaotn

* OLodnylec Eekvouv AVTA LLE TOV XopakTnpa #.

* ATtO ipoETiLAoyr), ol 0ONYLEC YivovTol LLOVO O€ pio ypappn. Agv
UTTAPXEL EPWTNHATIKO N AANOC €L8LKOC SelKTNC OTO TEAOC.

‘ University of Cyprus
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2UVOPTHOELG

* H ouvaptnon (function) eivat pa oelpa SnAwoewv Tov €xouv
opadomolnBet kat toug €xeL 60Ol Eva ovopa.

* OLouvaptioeic BiBAtodnknc (Library functions) mapeyxovtat wg
HEPOC NS vAomoinonc tng C.

* Mot cuvaptnon mou UnoAoyileL pa T xpnotpomolel tTnv SnAwon
return ylo va oplogL TNV TLUNA TTOU ETILOTPEPEL:

return x + 1;

University of Cyprus
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H ouvaptnon main

* H ouvaptnon main €lvoll UTTOXPEWTLKN.

* Hmain eivat e81KN cuvaptnon: KaAEital outopaTa OTAV TO
NPOYPOLUO EKTEAELTALL.

* Hmain emiotpedel Evav kwoLko kataotaonc. H tiun 0 SnAwvel
KOWVOVLKO TEPUOTLOUO TOU TIPOYPAULOTOC.

e Av ev uTtapyxeL n SnAwon return oto TEAOC TNC main cuvaptnong,
noAAoOL peTayAwTTLOTEC Ba TTapayouVv eva TPOELOOTIOLNTLKO HAVU QL.

University of Cyprus
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EvtoA&c

* H evtoAn (statement) elval pior evtoAn mou Ba exkteAeotel otav to
POYPOLUO EKTEAELTAL.

e [la mapadeypa, n hello. c xpnotpomolel povo SU0 eidn evioAwv.
H pia elval to return; kat n aAAn sivat to function call.

*Hhello.ckaAéLtnv printf va tunwoel To akoAouBo:

printf ("To C, or not to C: that is the question.\n");

University of Cyprus
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Metatpornn o€ XIMOUETPpA aro AL

To bevtepo npoypappa C

/%
* Converts distances from miles to kilometers.
*/
, , standard header file comment
Odnyiec Trposme€epyaoTy  .—
preprocessor #include <stdio.h> /* printf, scanf definitions */
directive < #define_KMS PER MILE 1.609 /* conversion constant */
Af])\U)OT] oT1a _ reserved word
constant int ) ) _
main(void) Opiop6¢ ouvapTnong main
{
Ar'])\wor] }JﬁTGB)\r]TU’)V double miles, /* distance in miles
variable = kms; /* equivalent distance in kilometers */
AkoAouBia evioAwv
/* Get the distance in miles. */ «————— comment
standard printf("Enter the distance in miles> ");
identifier scanf("%1lf", &miles);

(avayvwpIoTIKO)
/* Convert the distance to kilometers. */

kms =_KMS PER MILE *,{iles;

special symbol
/* Display the distance in kilometers. */
printf("That equals %f kilometers.\n", kms);

reserved /

» return (0); = punctuation
word :
} <— special symbol

&
University of Cyprus
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2 paipata MetayAwTtTong

* Yrtapxouv toAAartAol Aoyol
* Pre-Processor ([Mposmneéepyaotn, gecc -E)
* [.x., #include <non-existent-library.h>
* Parser (Zuvtaktikoc AVaAuTtnc):
* M.x., E&exvape va kKAeloovpe pa mapevBeon.
* Assembler (ZuppBoiopetadpaotn, as):

* Metatpemnel tnv cUUBoAKn YAwooa (assembly) oe avtikelpeviko kwdika (object code)
e Jmavia AdBn mou oxetilovtol e Tov As

* Linker (Id): 2Uvbeon pe pn-umapktn cuvaptnon

University of Cyprus
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2 paipata MetayAwTtTong

* Eav 0 gcc unepdevtel, tote mapouvaotalovtal EKATOVTAOEC unvUpaTaL:
* AlopBwoTe T0 MPWTO, LETA SOKLUAOTE VA — AYyVOWVTAC TA UTIOAOLTTAL.

* O gcc Ba dnuoupynoel eva EKTEAECLUO LE TIPOELOOTTOLNCELC
(warnings), apket va unv vrtapxet Aadocg (error)
* Mnv ayvoeite tIc mpoeldomnolioeLc!
e Kavete xpnontouv gcc —-Wall yua va mapouotaoete ONAEZ TIg
NMPOELOOMMOLAOELG, TLY., :

e if (x = 0) VS. if (x == 0)

* example.c:3: warning: suggest parentheses around assignment used as truth
value

University of Cyprus
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Integrated Development Environments

OAokAnpwpeva Meptpallovta Avartuénc

* Eva Integrated Development Environment (IDE) sival €va AOYLOLLLKO TO OTIOLO ETILTPETEL TN
ouyypadn, LETAYAWTTLON, EKTEAECN KOl ATTOCHAAUATWON EVOC TIPOYPAUOTOC.

* [ apxn Ba xpNOLUOTIOL)OOUE TOV OUVOUOOUO KEAUPOUG E KATIOLO KELUEVOYPA DO VLA TIPOYPOULOTIOTEG
KOlL 0T OUVEXELA Tou paBnpatog Oa Asttoupyoupe povo ue to IDE.

=10 x|

* Comment: Hello wWorld Program
S
#include <stdio.h>

int main() {

B
csyiazti@ABC ~
§ cd c:\temp
csyiazti@ABC /cy?drive/c/temp
giﬁir___$ cc -0 helloworld.exe hello.c
csyiazti@aBC /cygdrive/c/temp
$ ./helloworld.exe ,A 1
Hello world oKnon
csyiazti@aBC /cygdrive/c/temp
$

[ University of Cyprus

& C/C++ - testmelsrc/testme.c - Eclipse Platform

To npoypappa cac MPENEI
v petayAwTttiletal oTig
HNXOQVEG TOU Epyaoctnpiov
evaAAaKTIkA Oa
unéeviletal n aoknon
ocog!!!

r
A1To AoOKnon 2
[ P:nhlams 57 ¥ Tasks| 5] console | [ Properties

nnnnnnnnnnnnnnnnnn

Dr. Andreas Aristidou a.aristidou@ieee.org



Native vs. Intermed. Compile
[C/C++/Objective-C vs. JAVA/Android/C#}]

* C/C++/Objective-C(iOS) : O mnyaio¢ KWSLKAC LETATPETETAL TANPWCE O€ YAWOOA NXAVAC KATA TNV
LETAYAWTTLON.

* JAVA, Android, C#: O mtnyoailoc KwoLKaC HETATPENETAL 0€ evLApeco kwdika (bytecode), o omoloc
UTtopEelL va ekteAeoTel o€ omoudnTmote cuotTnua €XeL To Aeyopevo Java Virtual Machine (JVM).

* AuTtO movu yivetal tpaktikd oto JAVA, Android, C# elvol 0Tl To bytecode petatpenetal Katd TNV
EKTEAECN TOU TIPOYPAUUATOC 0 KWOLKA pnxavne amo to (Just-in-time JIT Compilation)
urtoouotnua tou JVM.

e Jtn Java JIT yivetat and to JVM (Java Virtual Machine)
e Jtn C# JIT yivetaw amod to CLR (Common Language Runtime)

* 10 Android JIT yivetat amd to DVM (Dalvik Virtual Machine), 4 to ART (Android RunTime) o€ ekb6oeLg tou Android
peta to 4.4 (Ekdoon 8 1o 2017).

e 2tn JAVA 9 (ékboon 2017) untapxel to ahead-of-time (AoT) compilation, 6mou n petayAwttion
yivetal at runttime aAAd rpv tTn xprion ylo Aoyouc anodoonc.

%
AN F&
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20ykpLon C evavti Java (Zuvoyn)

* MMpoypappa Java
e JUA\oyn amo KAAOELC
e KaBe kAaon meplexel pla main pneBodo n omotia eival pEBodoc ekkivnong
* Extedwvtag java StartClass evepyonolei tnv pebodo StartClass.main

* To Java Virtual Machine (JVM), mou nepthapfavetal wc pEpoc tou JRE (Java Runtime
Environment) 1 JDK (Java Development Kit) poptwvel TI¢ utoAoLTEC KAAOELC OTTOTE
Xpelaletal

University of Cyprus
Dr. Andreas Aristidou a.aristidou@ieee.org



20ykpLon C evavti Java (Zuvoyn)

* Mpoypappa C
* JuA\oyn amo cuvaptnoelc (functions)
Mo cuvdptnon pe ovopa —main () — €lval n cuvaptnon €KKivnong
e ExteAwvtac to tpoypappa (€ opltopol ovopa a.out) ekKLvel Tnv cuvaptnon
main
* JuvNOwWC, OAOC 0 KWOLKAC EVOC MIPOYPAUMATOC TTEPLAAUPAVETOL OTOV
eKTEAEOLMO KWOLKA (oTOTIK oUVOEDN)
e EvaAAaktikad, pmopel va mepthapBavetol o Kwdkag autoc e duvapkn cuvdeon
(rt.x., .dll, .so)
e Jtatiki oUvdeon: library.a (katd petayAwttion)
* Auvapikn cuvdeon: library.so (katd exktéAeon)

University of Cyprus
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2YOALOL

Oa UTTApPXEI

£CEIOIKEVNEVO
e /*from to comment*/ EPYAOCTNPIO VI
OUOTAOEIC TTAVW
e JUUBooN yLa LAKPUTEPA OXOALAL: N S Trav
/* 7 KaAurepn eukpivela OTI UTTAPXEI OXOAIO O€ QuTh TN YPauun g¢ OTU ) Vpd(Prlg
* A\lferageGrade() O-XOAIwV KQl
* Given an array of grades, compute the average. ,
x/ KwOoIKa!

* ATOPEUVYETE TNV XPrON MEPLEPYWV KOUTLWY ****
* To BLPALo elonyeital to akoAovBo mAdtouc 60 Yapox.

KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A KR A KA A KR A AR A A A AR A A AR AR KR K

* print result: Notifies the user of the result, using *
* the external variables set by *
* analyze hand. *

***********************:**********************************/

* Ertioncg, un xpnotpornoteite MOTE TAB aAAa 3 SPACES otn 6€on kaBe TAB
epooov avta dev aAAdlouv MAATOC PETAEL KELLEVOYPADWV

University of Cyprus
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2YOALOL

* [Ipoooyn: To va EEXAOETE VA TEPUATIOETE Eva OXOALO UTTOPEL va
TIPOKOAAECEL TO TIPOYPOLUUOL LETAYAWTTLONC VOL LlYVONOEL LEPOC TOU
TPOYPOAUUOTOC OQC:

printf ("My "), /* forgot to close this comment...
printf ("cat "),

printf ("has "); /* so 1t ends here */

printf ("fleas");

University of Cyprus
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2XOALa otnv C99

e >tnv C99, oxOALa pUItopoUV €Tiong va eyypadouv e Tov akoAouBo
TPOTO:

// This 1s a comment

e AUTO TO OTUA OXOALOU TEAELWVEL AUTOMOTO OTO TEAOC ULOC YPOAUAC.
* [MAeovekTpata tTnC ypadnc // :

* Aodaleotepo: dev umtapyeL mBavoTnTa Eva oXOALO XWPLC TEPUATLOMO VAL
NAPEL KATA AABOC LEPOC TOU MTPOYPAUUOTOC.
* Ta oxOAla TTOAAWYV ypappwy Eexwpilouv KaAUTEPQ.

University of Cyprus
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TLyvwpil{ape HEXPL CNUEPQL;
AplOuntwkol TuroL Asdopevwv
2& ApxitekTovikn 32 bit (x86)

TUnog Bytes EUpoG TIHWV
char (xapaktnpac) 1 -128 ... 127
unsigned char 1 0..255
short (akepaiog) 2 -65536...65535
int, long [int] (akEpaioc) 4,4 (x86) -2,147,483,648 to

2,147,483,647

long long [int] (akepaioc) 8 264
float (npaypaTikog)* 4 3.4E+/-38 (7 digits)
double (npayuaTikog) 8 1.7E+/-308 (15 digits)

University of Cyprus
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* Eav ammobnkeuow
moayuariko ue tiun 0.1
UTTOPEI apyorepa va Bpw
OT1 EXEI TIUN
0.09999999999999999987,
Aoyw AaBouc
aTpOoyyuAorToinong

a.aristidou@ieee.org



ApLOunTtikol Tumtol Aedopevwy (EmiionpavoeLc)

* Emtiong, To unsigned umtodnAel UN-MPOCNLOLGUEVN TLU.
* OnA., allpVveL LN-OPVNTLKEC TLUEC
* JUVETWC, Xpnotlpomotlouvtol Ta dLa bits, ta onmolo wotdoo £Xouv
OLapOPETLKN ONUACLO OTO TIPOYPOLLLLOL

* unsigned char =1 “character”, unopet va untootnpiéel povo ASCII
(8-bit), 6nAadn 256 yapaktnpec (0..255)
* To Unicode (16-bit 1 32 bit) utootnpiletol otn C HEOW KATIOLWV ETILITAEOV
BLBALoONkwv (6ec Ked. 25: <locale.h>, <wchar.h> kat <wctype.h>)

University of Cyprus
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O Mivaxkac ASCII (mpwtol 128 xapaKtrpec)
 American Standard Code for Information Interchange

ASCII Code Chart
0 1 2 3 4 5 6 7 8 9 A B C D E F

O|NUL | SOH|STX |ETX | EOT |ENQ |ACK [BEL| BS | HT | LF | VT | FF | CR | SO | SI
1|DLE |DC1|DC2 |DC3 |DC4 |NAK | SYN |[ETB [CAN | EM |SUB [ESC| FS | GS | RS | US
2 ! " # | $| %5 | & ' ( ) x | + ’ - /
3 0|12 |3|4]|5]6 71 8| 9 : ; < | = > | ?
4 @ | A | B C|D|E|F |G H I J | K LM N|O
5 P | Q| R| S| T]U VIWI|X]|Y]| Z [ \ ] o e
6] - |a|b|lc|d|e ]| Ff|Id9]|h|1|]j]k]|]1T|m|n|o
71 P q r S t u v | w | x y z { | } ~ | DEL

OL 128 ASCII xopakTtpEG, CUUTEPIAAUBAVOUEVOU TWV LN EKTUTIWO LWV
xopaktipwy (avamapiotavtol pe cuvtopoypadia).

University of Cyprus
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O Mivaxkac ASCII (mpwtol 128 xapaKthpeC

DecHx Qct Char Dec Hy 0ct Himml ChriDec Hx Qct Htmml Chrl| Dec Hx Oct Himl Chr
0o 0 000 NMUL (rall) 32 20 040 &#3Z; Spal 64 40 100 s#64; [ 95 60 140 &#96;

1 1 001 30H (start of heading) 33 21 041 &#33: ! 65 41 101 &#65; 4 97 61 141 &#97; A&
2 2 002 5Tx [start of text) 34 22 04z &#34; 7 66 42 102 &«#66; B a8 G2 142 &«#98; b
3 3 003 ETX [(end of text) 35 23 043 &#35; # g7 43 103 =#a7; C 99 /3 143 &#99; C
4 4 004 EOT [(end of transmission) 36 24 044 &#36; 5 68 44 104 «#68; D |100 A4 144 &«#100; d
5 5 005 ENQ ({enquiry) 37 25 045 &#37: % | 69 45 105 &#69; E [101 65 145 &#101; e
6 6 006 ACE [ackhnowledoe) 35 26 046 &#38: & 70 46 106 «#70; F |102 66 145 «#l02; £
7 7 007 BEL (bell) 39 27 047 &#39; 71 47 107 &«#71: G |103 a7 147 &#103; O
& &§ 010 B2 (backspace) 40 Z§ 050 &#40; | 72 45 110 &#72:; H |104 68 150 &#104; h
9 9 011 TAE (horizontal tab) 41 29 051 =#4l: ) 73 49 111 &#73: I |105 62 151 &#105; 1
10 & 012 LF (NL line feed, new line)| 42 24 052 &#d2; * 74 44 112 «#74; T |106 6k 152 &#106; 3
11 B 013 VT (wertical tab) 43 2B 053 =#43: + 75 4E 115 &#75: E |107 6B 153 &#107: k
12 C 014 FF (NP form feed, new page)| 44 2C 054 &#44; , | 76 4C 114 s#76; L |108 6C 154 &#108; 1
13 D 015 CE (carriage return) 45 ZD 055 &#4d5; - 77 4Dh 115 «#77: M [109 6D 155 &#109; 1
14 E 0lg 30 (shift out) 45 ZE 056 &#46; . 75 4E 116 &#78:; N |110 AE 156 &#110; 1
15 F 017 31  ishift in) 47 2F 057 &#47: f 79 4F 117 &«#79; 0 |111 AF 157 =#111: o
1610 020 DLE (data link escape) 45 30 060 &#458: 0 g0 50 1z0 &#30:; P |112 70 1la0 &#llZ: b
1711 021 DC1 (dewvice control 1) 49 31 061 &#49; 1 g1 51 121 &#381: 0 |113 71 16l &#113:; d
1812 022 DCZ (dewvice control 2) B0 32 06z &#50:; 2 gz 52 12z &#82: B |114 72 162 &#ll4d; ¢
1913 023 DC3 (device control 3) 51 33 063 &#51; 3 83 53 123 &#83; 3 |115 73 163 &#l15; =
2014 024 DC4 (device control 4) 52 34 0Ded &##52; 4 g4 54 124 ##54; T |1l 74 led &#lla; ©
2115 025 NAE (negative acknowledge) 83 35 065 &#533; 5 85 55 125 &#85; 17T |117 75 1lah &#117; 1
22 1e 026 3¥N (syrnchrornous idle) £4 36 066 &#5d; 6 g6 56 lza &#G6; WV [113 78 leg &#118; W
2317 027 ETE (end of trans. block) E5 37 067 &#55: 7 g7 87 127 «#87; W [119 77 la7 &#118; w
2418 030 CAN (carncel) B6 33 070 &#536: 8 85 58 130 &#88:; X |1z20 78 170 &=#1lZ0; x
2519 031 EM  (end of medium) 87 39 071 &#37: 9 89 59 131 &#39; ¥ |1z21 79 171 &#lZl: ¥
26 1ld 032 SUE (substitute) 5§ 3h 072 &#58: 90 54 132 &#90; Z |122 74 172 &#lZ2: =
27 1B 033 ELC (escape) 59 3B 073 #5359 ; 9] 5B 135 «#91; [ (123 7B 173 &«#123;
28 1C 034 F3  (file separator) 60 3C 074 &#60; < 9z 5C 134 &#92; \ |124 7C 174 &#1Z4d:
291D 035 33 (group sSeparator) gl 3D 075 &#6l; = 93 5D 135 &#93; 1 |125 7D 175 &#125; |
30 1E 036 B3 (record separator) 62 3E 076 &#62; = 94 EE 136 &#94; * |12 7E 176 &#l2a; ~
31 1F 037 US {unit separator) 63 3F 077 &#63; » | 95 5F 137 «#95; _ |127 7F 177 &#127; DE
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ApLOunTtikol TumoL AedopEVWVY
(32/64-bit Npoypap. Movtéla)

* Aiya Aoyl
LLOVTEAQ O€

gta Turtouc 6edopevwy e Toug 2 Tio Stadedopeva

OLLEVWV

* I(ntegers) L(ong) P(ointer) 32 => x86 Model
* L(ong) P(ointer) 64 => x64 Model

Datatype ILP32 Model LP64 Model
H pyvriun ytropei va H yvAun propei va
char 8 gxgzMOl\io%é)igl , 8 éxel péxpl 16 Exa
A = ~4x10° . 18
short 16 4GB) 6|£u60vos|gn®! 16 (B)I(SL(J)GU)VG&:Ig@!
int 32 yd 32 Vs
long 32 (4 bytes) 64 (8 bytes)
pointer 32 (4 bytes) 64 (8 bytes)
University of Cyprus

AoKINAoTE OTO OTIITI TO akOAouBo:
printf("%d, %d, %d", sizeof(int), sizeof(long), sizeof(void *));
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ANAWOELC

* OL petaBAntec mpenel va dnAwvovrat (declared) mpotou
XpnotpornotnBouv.

e OL petaBAnTeEC pumopouv va dnAwvovtal pia kabe popa:

int height;
float profit;

* 'H apketeC TOWWTO)XPOVAL

int height, length, width, volume;
float profit, loss;
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ANAWOELC

* Otav n main neplexel dSnAwoelc (declarations), mpemneL va
nponyouvtal Twv evtoAwv (statements):

int main (void)

{

declarations
statements

}
e Auto Ogv eilval amapatitnto yia tnv C99.
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Ektuniwvovtac pa MetapfAntn

* 3d integer, $1d (64 bit), %x hex., $0 octal

* 5f float (6 6ek. Ynd.), $.2£f (2 dek. Ynd.)
* $c char

* $s string (mivakag char pe teAdtkdo NUL (\0))

* YIIAPYOUV EKOTOVTASEC OplopaTo KATIOL EK TWV omtolwv Ba Sovpe
OUVOTITIKA OTNV EPXOMEVN SLAAEEN.

e 10 Ked. 22 kaAUTtTeL TO BEpa os eploootepo Baboc to omoio e Ba ypeLaoTel
yLoL QLUTO TO paBnua.
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AwaBalovtac pa MetaBAnth

&
 3d integer, $1d (64 bit), %$x hex., $0 octal
* 3f float
* $c char
* $s string (mivakag char pe teAdtkdo NUL (\0))

e Kot TTAAL, UTIAPYOUV EKOTOVTASEC OPLOHOTO KATIOLO EK TWV OTIOLWV
Ba 6oV LE CUVOTITLKA OTNV EPXOUEVN OLAAEEN.

e 10 Ked. 22 kaAUTtTeL TO BEpa os eploootepo Baboc to omoio e Ba ypeLaoTel
yLoL QLUTO TO paBnua.
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Avayvwplotika tnc C (Identifiers)

* To ovopata METABANTWY, CUVAPTACEWYV, HOKPO-EVTOAWV KoLl
ovtottwyv ovopalovtal avayvwplotika (identifiers).

e H C onwc kat n JAVA kat CH# (avtiBeta pe m.y., VB) elvat svaioBntn oto tumno yapaktnpao
(case sensitive)

* Eva avayvwplotiko pmopei va meplexel letters, digits, kot underscores, aAAQ TTPETIEL TTAVTA VAL
Eekwva pe letter 1 underscore:

A word on case

timesl0 get next char done OK

+—Sentenece-GCase
10times get-next-char ERROR . UPPERCASE
* EmBarAetal eva opolopopdo GTUA, TU.X., * lowercase

« camelCase

 PascalCase
* 3 Kkeva spaces ava epdwAevpevn Ekdppaon (OxL tabs) * hypen-case

* symbol table 1 symbolTable

80 otfiAec MONO. (neploocdtepa 0TO EPyaAcTrpLo 3) * snake_case
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Agopevupgva AvayvwpLotika

* OL akoAouBec Ae€erc kAewdbua (keywords) AEN pmopouv va

XpnowiomotnBouv yia avayvwplotka otnv C:

auto enum restrict* unsigned
break extern return void

case float short volatile
char for signed while
const goto sizeof _Bool*
continue 1f static _Complex*
default inline* struct _Imaginary*
do int switch

double long typedef

else register union

*C99 only
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