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Programming languages

e Assembler - language very close to machine code; not perttall

e non-structured language(FORTRAN, BASIC): use branching
statements:

| F (A<B) GOTO LAB1 ELSE GOTO LAB2

— very difficult to understand what programs does, and almost
Impossible to modify it

e structured language(ALGOL, ..., C,...): limits branching to a
small set of well-behaved constructiomd ( el se statements, loop
statements); basic building block: functions
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C++ History
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Why C was created?

e a “system programming language” — designed for implemgntin
UNIX systems on various machines

e requirements:

— simple: the memory was very limited, needed a simple and
compact compiler

— close to machine instructions (capabilities) — very effitie

— portable (simple — complilers could be easily and quickly
rewritten for a new machine)

— at the same time powerful — for more complex tasks (1/0, gtrin
handling, etc) there are libraries which can be loaded when
needed

e it turned out that C was a general-purpose programming kEgeu
useful for various tasks (numerical, text-processingaloiase

programs, etc), hence it became widely used
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C: main characteristics

e “Structured” language.
e Power and Simplicity
e Platform independence (at the level of source code} portability.

e Close to the operations of most computets; leading to efficient
Implementations, allowing high performance code.

e Small size of the language (small core, with extensiblalies,
“standard libraries”).
e Open standard

— first standard: “classic C” or “K&R” C described in the book
[Kernighan, Ritchie (1978)]

— ANSI/ISO committee (est. 1983), first standard in 1989 state
1999
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C++ History

e C++is an extension of C, including more modern programming
concepts, especially object-oriented programming anemen
programming.

e Foundations:

— SIMULA (1967), a direct extension of ALGOL, for writing
simulations; the first language with object-oriented feadu
http://ww. acm or g/ announcenment s/ turi ng 2001. ht m

— Smalltalk (1980) — real OOP language, but: interpreteddage
(executes slowly)

e C with Classes (Bjarne Stroustrup, 1980) — direct extensid

e C++ (1983-84) — added virtual functions and operator owastiiog,
documented in 1985 [Stroustrup, 1997 (3rd edition)]
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So what iIs OOP?

e Procedural Programmindpecide which procedures you want; use

the best algorithms you can find.
Top-downdesign: breaking the main problem into smaller tasks.

e Object-Oriented Programming

— design of programs is shifted from the design of procedures
towards the organization/representation of data

— anobjectis a model of real or imaginary thing with which the
program deals

— the computer program is designed to manipulate these abject

— an object has 2 kinds of propertiesiributes(representing the
state of the object) anaperations(the methods how to change
the state of the object)
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e Object-Oriented Programmir(gontinued):
— aclassis a description of a set of similar objects

— class can be viewed as a complex type and objects as varables
that type

— Bottom-updesign: first design simple classes, and then use them
to design more complex classes, etc.

— another powerful concept of OOPIigheritance— you can derive
new classes from old ones (and reuse the existing code)
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C++: main characteristics

e Backwards compatibility with C, inherits all benefits:
— “Structured” language.
— Power and Simplicity

— Platform independence (at the level of source code)
portability.

— Close to the operations of most computets> leading to
efficient implementations, allowing high performance code

— Small size of the language (small core, with extensiblaliles,
“standard libraries”).

— Open standard
e “Object-oriented” language.

e ANSI/ISO committee (est. 1990), standard in 1998 extending
language with exceptions, RTTI, templates and STL
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Sample questions

e What are the main characteristics of C++ language?
e How C language achieves at same time power and simplicity?

e What is themaindifference between procedural and object-oriented
programming?
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Supplementary materials

e The Development of the C Language,
http://cmbell-1abs.com cm cs/who/dnr/chist. htni
o CPL,
http://ww.w Ki pedi a. org/ w ki / Conbi ned Programm ng Lar

e Open standards,
http://perens. com OpenSt andards/ Definition. htm

e Incompatibilities Between ISO C and ISO C++,
http://david.tribble.comtext/cdiffs. htm

e Javavs. C++:
http://en.w Ki pedi a. org/ w ki / Conpari1 son of Java and CY
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Phases of C++ compilation

e create aource code write a program in C++ using a text editor or
IDE (Integrated Development Environment)

e compilethe source code: run@mpilerto translate a program to
“object file” (in machine language of the computer)

e link the object file(s): run &nker to link object file(s) and libraries
together, creating thexecutable code
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Compilers — UNIX, Linux

using the GNU C++ compiler from the Free Software Foundation
available at CSIL
http://ww. cs. sfu. cal/ CourseCentral / SWC/ gcc/

write at the prompt:

g++ program cpp

generatepr ogr am o first, then links it toa. out and deletes

program o

Examplesg++ programcpp library.o -0 prog.exe
g++ programcpp -Im-c
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Command-line compilers for DOS

e GNU compilergpp available at
http://ww.del orie.com dj gpp/

e Borlands command-line compiléicc32 available at
http://ww. borl and. cont bcppbui | der/freeconmpi | er/

Last modified: Thursday {bJanuary, 2008, 22:42 2008 An Maiuch


http://www.delorie.com/djgpp/
http://www.borland.com/bcppbuilder/freecompiler/

SFU CMPT-212 2008-1 15 Topic: Introduction

Windows Compilers

— offer IDE, debugger

e Microsoft Visual Studio C++ 2005
— available in CSIL labs
— students can order it for free from
https://services. cs. st u. ca/ nednaa starting January
22,2008
— this compiler should be used for all assignments

e Metrowerks compiler

e Borland C++, available in ACS Assignment Labs:
http://ww. cs. sfu. cal/ CourseCentral /SW C/ Borl and/

e Dev-C++ (non-commercial, my favourite)
http://ww. bl oodshed. net/ devcpp. ht nl | (not
completely stable)
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myfirst.cpp

v [/ nyfirst.cpp--displays a nessage

s #include <iostreanp /1 a PREPROCESSCR directive
4+ USi ng nanespace std; /] make definitions visible
s 1 nt main() [/ function headi ng

s { [/ start of function body

7 cout << "Cone up and C++ ne sone tine.";

: /] message

9 cout << endl; /] start a new |Ine

10 return O; [/ termnate main()

1} /'l end of function body

This is an example code from [Prata]; they can be downloaihed f
C++ Primer Plus
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Analyzing myfirst.cpp

e // — C++commentg * *[ — C-style comments

e nai n() function
— a special function — interface between the program and the
operating system
— function form
type functionname(argumentlist) «+~ function heading

{

statements < function body

}

— startup code callsai n and the value returned i n is the
exit code of the program (0O means “no error”)

— If r et ur n statement is omitted, compiler automatically adds
return O
at the end ofrai n function body
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Analyzing myfirst.cpp

e preprocessor directivel ncl ude
e header fileg*. h in C and old C++, no ending in C++98)
e namespaces

— using std::cout

— usi ng nanespace std
e old style ofi ost ream

e cout — object of clas®st r eamprovided byl ost r eamheader
file
— output stream — sends data out (of the program)
— operatork< — chosen so that it’s clear which way the data flows

— a smart object, recognizes type and behaves accordingly
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Function prototype:

e function heading without function body
I nt append(int a,int b);
e typical program looks like this:

int func_a(int x);
void func_b(int x,int y);
char func_c();

I nt main()
{ statenents using calls to func_a, func_b and func_c }

I nt func_a(int Xx)
{ statenents }

© 00 ~N oo o0 A w N P

N =
~ O

void func _b(int x,int y)
{ statenents }

I
A W N

char func_c()
15 { statenents }
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e the same program without use of function prototypes:

Int func_a(int Xx)
{ statenents }

void func _b(int x,int y)
{ statenents }

char func_c()
{ statenents }

© 00 ~N oo o0 A w N P

I nt mai n()
{ statenents using calls to func_a, func_b and func_c }

N
= O

e (: can you imagine a situation when you need to use function
prototypes?
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getinfo.cpp [prata]

1 [/ getinfo.cpp -- Input and out put
> #include <iostreanr

+ I nt main()

s {

6 usi ng nanespace std;

7 | nt carrots;

: cout << "How nany carrots do you have?" << endl;
9 cin >> carrots; [ C++ | nput

10 cout << "Here are two nore. “;

11 carrots = carrots + 2;

2 [/ the next |ine concatenates output

13 cout <<"Now you have "<<carrots<<" carrots."<<endl;
14 return O;

15 }
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Analyzing getinfo.cpp

e declaration statementt ype vari abl enaneg;
example:i nt carrots;

— each variable has to be declared before use

— It's a good practise to immediately assign value to declared
variable
| nt carrots=0;
e Ci n—object of class st r eamprovided byl ost r eamheader file
— Input stream — takes data (flowing into the program)

— “operator>>" — chosen so that it’s clear which way the data
flows

— a smart object, recognizes type and behaves accordingly
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Sample questions

e Which function is the interface between the program and the
operating system and what is its prototype?

e \What is the difference between function declaration anchdesfn?
e Why are prototypes useful?

e Why is it recommended to initialize a variable when declguif?
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Coding standards

e indentation: statements inside braces (block) are indented

1 i nt main()

2 |

3 cout <<"Hell o."<<endl

s}

e every nested statement/block is indented with respecs {gaitent
1 f (a>0) {

2 I f (b>0)

3 cout <<"b";

4 cout <<"a";

5}
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e comments:after function heading (explaining inputs, outputs, what
the function does)

e explain what a variable represents
e inside definition of function: explain non-trivial comptitans
e variable names: meaningful

e constant variables use all caps and underscores instepdedsPI
KM PER LI TER

e regular variables use lowercase; if several words, cagatdhe first
letter of all words but firstr adi us, xCoor di nat e, raxW dt h

e names of classes and complex types — the same but start \ithlca
letter: Poi nt , Rat i onal Nunber
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