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Introduction to Computer Programming

( Software ) -l i

_ : Programs written for computer systems
Compilers, operating systems, ...

: Programs written for computer users
Word-processors, spreadsheets, & other application packages

A Layered View of the Computer = ignasSl cliuhl) amia a0

Application Programs
Word-Processors, Spreadsheets,
Database Software, IDEs,
etc...

System Software
Compilers, Interpreters,Preprocessors,
etc.

Operating System, Device Drivers

 Machine with all its hardware
Operating System (OS)

Provides several essential services:  4swlul Cladd das 2y

e Loading & running application programs ~ <lukill zal j Jueli g Jaess

e Allocating memory & processor time gl S 553 S Janads

e Providing input & output facilities Gl )y SR S s b

e Managing files of information Gl sleall clila 5l
Programs

Programs are written in programming languages

PL = program ming language s el 4, i< mal

Pieces of the same program can be written in different PLs  4ilida Clily el ) (udi (e 1300 AUS (1Say daa yall 43
Languages closer to the machine can be more efficient 3l JiSI Sleall ) @Y Sl (88 o) S
As long as they agree on how to communicate Jaal gl AdS e (58 agil Ldla

A PLis

A SPECIAL PURPOSE AND LIMITED LANGUAGE 52 933 4l g (ald (2 &
Hgsasl) aa Jolill andiug sl

A SET OF RULES AND SYMBOLS USED TO CONSTRUCT A COMPUTER PROGRAM A gusaS el s £13) A Lastsall jgayll g 2015800 A2 pana

ALANGUAGE used to interact with the computer
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¢ Machine Language

kr.l 3.1.‘.

Introduction to Computer Programming

Computer Languages

* Assembly Language

arentll dald
&=

* High-Level Language (HLL)

L) @& 3-; (| d._u,w ial

* Usesbinary code LS aaai
o Machine-dependent Y| L= i

+  Not portable Jsens 2

* Uses mnemonics .<iiuyl ' aadi | ®
* Machine-dependent Yl o st |
*  Not usually portable sae 4 gans Cuid

Uses English-like language % syl dgd 4l aasiny
Machine independent i
Portable (but must be compiled for —ss =15) J sesd
different platforms)

Pascal, C, C++, Java,
Fortran, . . .

('23'-.5 | i“‘“’.“:.

- The representation of a computer program
which is actually read and understood by the
computer. s sl of i i gaaeS galipd Jibas

- A program in machine code consists of a
sequence of machine instructions.

. Instructions: Olals
- Machlne |nslruct|ons are in binary code

- Inslructmns spemfy operatmns anﬁ memory
cells involved in the operation

Aoleall B A8 jLall 581010 LA 5 cblenll cladeil) aaa%

) el e b o Jlgadl jag B agm gall galipll sy

* A symbolic representation of the machine |
language of a specifc processor.

s —L‘l.u- A_\IA.‘-__ )u)_’d.h\—l
* |s converted to machine code by an
assembler. sl dani ¢ 401 30y ) lekind s

* Usually, each line of assembly code

produces one machine |nstruct|on (One-to-

one correspondence) o e gl tils
(J‘.u)ﬁ —l.}\ml)«) 3..;\54..| _ﬂ....l..:.l a.u.Ll..I dj__)«

* Programmmg in assembly Ianguage is slow

and error-prone but is more efficient in terms

of hardware performance. ik gusil 2l Aas Ji
el el fua st ] gl g Unalldin oy | @

ex| Operatlon Address * Mnemonic representation of the instructions
._IULu..I —ILA—I.LF-I.! cla
0010 0000 0000 0100 and data ’ - ’
+  Example: Ji
0100 0000 0000 0101 Jseadll jou Load  Price
iy pmanl Add Tax
0011 0000 0000 0110 '

et ddles Store  Cost

"IF" S PRINT 51 "FOR” ie &l 48 L) LS (30 0155

A programming language which use statements
consisting of English-like keywords such as
"FOR", "PRINT" or “IF", ... etc. <l juc aasdudidas il
Each statement corresponds to several machine
language instructions (one-to-many
correspondence). g waall ga b JS sk
e ) aalp e Bl jall) A AR clledes
Much easier to program than in assembly
language.  _eeatll 4l g dapall B S Jeud
Data are referenced using descriptive names
dduay slau aladialy oLl ) 5 LEY1 A

Operations can be described using familiar
symbols il Jsay plasiuls el ias oS
Example:

Cost := Price + Tax

Al 4+ gl = cAslc

Syntax & Semantics

Syntax & Grammars

.Ln‘g";’..\.ﬂj P_';.'.]
¢ Syntax: el L
The structure of strings in some language. A
language's syntax is described by a grammar

“A;..u-ﬂ.ﬂj,au ..'1..%.‘51_,::.1 ,_J_J..lj‘g”_)s.&

2o gl dall
- Examples: el s

- Binary number

*  Semantics:
¢ The meaning of the language

5

<binary_number> = <bit> | <bit> <binary_number>

<bit> =01
- Identifier
<identifier> = <letter> {<letter> | <digit> }
<letter> =alb|...|z
<digit =0[1]...

Compilers & Programs

2o gill g gal

. Syntax descriptions for a PL are
themselves written in a forma
anguage. 4 gal] Cilua g1
A ) By &y 2 gt A PL S

- E.g. Backus-Naur Form (BNF)

. The formal language is not a PL but it
can be implemented by a compiler to
enforce grammar restrictions. 4ue i 4at

el gl g e e R L (s 05 PL

. Some PLs look more like grammar

19 descriptions than like instructions.
Sl L € e T g i g 400 PLS e g2

s Compiler e
- A program that converts another program from
some source language (or high-level programming
language / HLL) to machine language (object
code).  juacialie Algebpdialag wbl p
opsll 3 8) A1 A ) (HLL / s sl Bl Aae 251 )
- Some compilers output assembly language which
is then converted to machine language by a
separate assembler, meadll 4 fpen Sl e 2u
\_}.ALJMM‘ILb..ljJ‘ILﬁ'l‘ILqul JEiiA] .JML!_U}J.I,LI.I"FM
- Is distinguished from an assembler by the fact
that each input statement, in general, correspond
to more than one machine instruction.
ple (R ¢ gl sl 8 of Aiiay il e
sanl g Al et e 66 e @l

Compilation into Assembly L
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« 2 Source program

The form in which a computer program, written in «  QOutput from the compiler Lona f dadl « ol Yl
some formal programming language, is written by the 2 jiall e 7l AN . Lasa =l J* oA .
programmer. el el g 04 ) «  Equivalent machine language +  Machine language program linked with

Can be compiled automatically into object code or
machine code or executed by an interpreter. <«

2 Al g ae LT ) gf S0 € 8 G gnsens
Pascal source programs have extension ‘.pas’

+  Output from linker/|oader

* 4 Executable program 2l 48 el

vl maly u
)_4.4-\ T P

3Object program i<l =il

necessary libraries & other files i »
gAY bl g B ) g gl i€l g g A1Y) Aad

+  Files usually have extension “.exe’
"exe." dliie iilall _,35. (PRI

.33l 08 e ¢ Ao ) e ) ] s b translation of the source program

Files usually have extension *.obj
shaall zali pll dall A0 des gl Jolas L
"ohj." sl Gl G L dile

"pas." a1l L JEubs juse ml g

What is a Linker?

A program that pulls other programs together so that they can run.
Lol Sy (i La (5 DAY el ) ey i g,
Most programs are very large and consist of several modules.

il g Bae (e () sST 5 13 3 mal il alasa

Even small programs use existing code provided by the programming environment called
libraries. LS (Al A ) A 0 855 (g2 3 g gall 281 2R B piuall gral ) S

The linker pulls everything together, makes sure that references to other parts of the program
(code) are resolved. (2581) bl e s AT s13ad A QI LAY Ja e 28U g ¢ L g JS Jad 11 pany

Steps that the computer goes through to run a program: gt Judil 3 gueSll Ly ja Al & gl

Input Data

Memory

Machine language
program .
(executable file) B

Data entered
g during execution [
Computed results >

Program Output

PROAMERGEUEIN <~

Steps taken by the CPU to run a program (instructions are in machine language):

1. Fetch an instruction

2. Decode (interpret) the instruction

3. Retrieve data, if needed

4.

5. Store the results, if needed
3|Page

(Y Al Ciladel) el s Jidid 23Sl Aallaall as 5 L3831 3 il ghadl

AL\LQAM JL'AA\
Claglail (i) Sl
a1 a3 ¢ i) e i)

Execute (perform) actual processing 4ul=dll dallaall (2a3) 243
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Syntax Errors:Jsiill <id 5 Usd : Errors in grammar of the language (&) s 3 #Uadl)
e Runtime error : (J#&ill ¢ g Usi:)When there are no syntax errors, but the program can’t complete
execution AT Jlas) e ¥ geabi ) (819 ¢ Alaal) sy 8 plad lia (485 Y Ladie
e.g : Divide by zero ........ Invalid input data alla ye Jlay) clly, . Aua o ad)
e Logical errors: 4shia gUadl
e The program completes execution, but delivers incorrect results @i (Jaay 431 ¢ 285l zali jll Jo&y
e Incorrect usage of parentheses () 83 znia j aladin

Source Target
Program @ Program

Target Program

Input Output

* Compiler translates source into target (a machine language program)
(A 43t geali ) ciagdl ) jsaall aa s as il
» Compiler goes away at execution time ¥l A P W PNPENG N

* Compiler is itself a machine language program, presumably created by compiling some
other high-level program

G siuall ke (5 AV el jall any aaend (51 yha e 0 3La) 5 43l o yid ¢ AN A mald o 41D any 58 e yidll
* Machine language, when written in a format understood by the OS is object code
GRS Sy 0985 ¢ Jdil) allai dagdy (aaly Lgilis dic ¢ AY) 44
Interpretation

Source
—
Program

—

/'(‘; Interprete;f)—' Output
o S i

Input -
« The interpreter stays around during execution 34 oL s jial) iy
It reads and executes statements one at a time AV sl 13a) g clilbyd) 3y g i 8
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Compilation: el Ja sl

e Syntax errors caught before running the program

el i 08 Aleall oLy plaal L) o

e Better performance Jazadl o
e Decisions made once, at compile time <8y & ¢ 3as) 93 je <l i all AlAS) o
el
Interpretation:

e Better diagnostics (error messages) (Uax Jilu ) Juadl ciliapais

e More flexibility 50 S

e Supports late binding (delaying decisions about program implementation
until runtime) (Jadal <y s geali ) 345 Jga <)) Al pali) Al by ae

e Can better cope with PLs where type and size of variables depend on input

JaY) e Leana 5 &l il ¢ 5 daing Cun PLs ae Jumdl JS Jalati () (S

Supports creation/modification of program code on the fly (e.g. Lisp,

Prolog)
Jaiil oL gmali ) ey Jaamd / £l pey (Jie Lisp 5 Prolog)
The end
Diyaa Suboh gua () slus
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