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Language-processing system (Compilation): (2)
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Language-processing system (Compilation): (3)
It is several programs may be required to create an executable target program are:

A preprocessor:

IS a program that processes source language to produce a modified source program that is used as input to

another program. The task of collecting the source program is sometimes entrusted to a separate

program.(File Inclusion.) The preprocessor may also expand shorthand's, called macros, into source
language statements.(Macro processing.)

A compiler

The modified source program is then fed to a compiler. The compiler may produce an assembly-language
program as its output.

An assembler

The assembly language is then processed by a program called an assembler that produces relocatable
machine code as its output.

A Linker / Loader:
Large programs are often compiled in pieces, so the relocatable machine code may have to be linked
together with other relocatable object files and library files into the code that actually runs on the machine.
\ The linker resolves external memory addresses, where the code in one file may refer to a location in
another file. The loader then puts together all of the executable object files into memory for execution.
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PHASES OF COMPILER (4)

The following are the phases of the compiler:

Main phases:

Lexical analysis phase. (el pidd|) ila pbl| Juudaii joda)

Syntax analysis phase. (g | eibid b 1) duigaiabd | 2eslgid| Juudai joda) ~ Analysis

Semantic analysis phase. ((ldadl) (gubid] Juekdli j6da)

Intermediate code generation phase. (dudae gl 8 wiwid | dud6ui 36da)

5. Code optimization phase. (2 phwd| i joda)

6. Code generation phase. (5 hwd| dudésl j6da) } Synthesis

Sub-Phases: /

I

1. Symbol table management. jéw ol Joaa 83lal)
2. Error handling. (skaalll dallss)

Il 77




1. Analysis: Jubawd|
* The analysis part breaks up

the source program into
constituent  pieces and
Imposes a grammatical

structure on them.

It then uses this structure to
create an intermediate
representation of the source
program.

It collects information about
the source program and
stores it in a data structure
called a symbol table.
detects some errors (either
syntactically ill formed or
semantically unsound) In
the source program.

I/

The Structure of a Compiler
There are two parts to this to the compiller:

|

- 2.
Compiler Structure
Source Intermediate code Object
Program Program
Front End Back End
ANALYSIS SYNTHESIS .
esid | [ sytacical | [ Seommtic | Ny | [ code Code
Analyzer Analyzer Analyzer J Gengrator Optimizer
symbol table

(5)
Synthesis: (e yull) il guial|

The synthesis part
constructs the  desired
target program from the
Intermediate representation
and the information in the
symbol table.

The symbol table, which

stores information about
the entire source
program, is used by all

phases of the compiler.

The analysis part is often
called the front end of the
compiler; the synthesis
part is the back end.
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Lexical Analyzer phase:

(7)

Software system and first phase of the compiler. It reads and scans the input characters
(ASCII) making up the source program and groups the characters into meaningful
sequences called lexemes and it produces as output tokens table (token-name; attribute-
value), symbol table and tokens stream. It sends the tokens stream to the parser. This
phase identifies errors according to a misspellings of lexeme.

source Lexical
am——
program Analyzer

token

[

Y

getNextToken

Symbol
Table

Parser

to semantic
— —— .
analysis

K/o Figure 3.1: Interactions between the lexical analyzer and the parser




The Role of the Lexical Analyzer ©)

(1) The main task of the lexical analyzer is to read the input characters of the source program, group them
Into lexemes, and produce as output a sequence of tokens for each lexeme in the source program. The
stream of tokens is sent to the parser for syntax analysis.

(2) When the lexical analyzer discovers a lexeme constituting an identifier, it needs to enter that lexeme into
the symbol table.

(3) There are suggested interactions between the lexical analyzer and the symbol table. When, the parser call
the lexical analyzer to suggest by the get NextToken command, causes the lexical analyzer to read
characters from its input until it can identify the next lexeme and produce for it the next token, which it
returns to the parser.

(4) One such task is stripping out comments and whitespace (blank, newline, tab, and perhaps other characters
that are used to separate tokens in the input).

(5) Another task iIs correlating error messages generated by the compiler with the source program. For
example, the lexical analyzer may keep track of the number of newline characters seen, so it can associate
a line number with each error message.

(6) If the source program uses a macro-preprocessor, the expansion of macros may also be performed by the
lexical analyzer.



The Role of the Lexical Analyzer )

Sometimes, lexical analyzers are divided into a cascade of two processes:

(@) Scanning consists of the simple processes that do not require tokenization
of the input, such as deletion of comments and compaction of consecutive

whitespace characters into one.

(b) Lexical analysis proper is the more complex portion, which produces

tokens from the output of the scanner.



The Role of Lexical analyzer phase (10)
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(11) The Role of Lexical analyzer phase
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The Role of Lexical analyzer phase

(12) Aag ) e gl 15 .8
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< Keyword> 3 saaall cilalSl) yids 4, 9 Sila acld
< ldentifiers «i_sall juids 4y g Sila 3318
<Number> 4ale 3 ) guay a8 11 5045 4y g Sila Bacd
<Operator> dsbual! cilblasd) ,0a0 4y Sila bacld
<Punctuation> kubiil) g ALaldl) ;045 dy g Sl basld

< Literal > pasaiil) Lide ¢ dlaal) 8585 4y S5l s

getline(lexeme)

Main (Algorithm) o G (1D vasag KW, Al

getline(lexeme);
If (lexeme == < Keyword>) then lexeme = K.W,
else if (lexeme == < Identifier>) then lexeme = Id;
else if (lexeme == <Number>) then lexeme = number;
else if (lexeme == <Operator>) then lexeme = Op;
else if (lexeme == <Punctuation>) then lexeme = Pun;
else if (lexeme == < Literal >) then lexeme = L.iteral;

else lexeme = error;

Cond
Lex == <kw>

False

Cond
Lex ==<ld>

False

Cond
Lex==<Num>

False

Cond
Lex == <Op>

False

Cond
Lex==<Pun>

False

Cond
Lex == <Literal>

False

Lex = Error

(13)

True
....... Lex = kw B
True
_________ Lex=Id — |
True
Lex = Number >
True
.......... Lex=0p —_—
True ]
----------- Lex=Pun =—>|
True
—'[ Lex = Literal -+




(14) The Role of Lexical analyzer phase
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(15) The Role of Lexical analyzer phase
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(16) The Role of Lexical analyzer phase
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: Source
‘program i o
: 3 Lexemes

f

Token table Symbol table
5 Name NS CH Sq. Token :
¢ T ., Tl Kv
Ex1: ( — (P
if(x>y) « EC 2 Y d
 x=10 > g Op
while ... y I | .
: B Pun
1 .................... o “ |d _
. 10 10
; :_
while AT o while [ 00T

<10,Num> <;,pun> < while, k.w>
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\ / ;| Token stream: Gusl e B Jaa
/o s | <if kw><(,pun><I1d,1> <>0p GT> <ld,2> <),pun><Id,1> <=0p Assign.>




EXx.2:

Token Table

Sq. Token Token type
1. | Position Id

2. | = Op

3. | Initial Id

4. |+ Op

S. rate Id

6. |* Op

T 60 Number

1 | position

2 | initial

3 | rate

SYMBOL TABLE

position = initial + rate * 60

!

Lexical Analyzer
#

(id,1) (=) (id, 2) (+) (id,3) (*) (60)

!

Syntax Analyzer

T

(18)



Solution (1): Lexemes before correction?

EXAMPLE 3

If we have part from the source program by C++ in below. How to analyze it by the
lexical analyzer to pass on to the syntax analyzer. Find the following:

D)
2)
3)
4)
&)
(6)

LRI R AN

bk |k
==

Lexemes before correction?

Corrections in the source program those the lexical analyzer phase?
Lexemes after correction.

Token table.

Symbol table.

Tokens stream.

int main ( )
{
int x , Ahmad , float ¥y
char Array [ 10 , 10 ] ; // Array is string.
Xy = 5
switch ( ch )
case 0 : for (imti=0;i<=9;1++
Array [i ] =8i+yx * * @x ;
Cout <<= "ahmad" ;
print <= Ahmed

[——]

S5q. | Lexemes
1. imt
2. main
3. [
4. )
s, 1
B. int
7. x
8. 3
o, Ahmad
10. .
11. float
11, v
13. char
14. Array
1=. [
16. 10
17. .
18. 10
19, 1
20, :
21 X ¥
ZL =
23. =
4. ;
a5, switch
26. [
7. ch
28, )
29, caze
20, 0
31, :
32, for

5q. | Lexemes
33, {
3. int
s, 1
34, =
A7. 0
as. 3
39, i
40. ==
41. 9
41. :
43. I
44, ++
45, Array
46, [
47. i
48, ]
49, =
50, B
£1. =+
51. ¥I
53, *
54, *
g=, ax
56, 3
&7. Cont
=8, el
59, "ahmad"
&, 1
al. print
B2, =
B3, =
B4, Abmed
6=, T

(19)



Source program before correction

.| imt main ( j_

| £

int x ., Ahmad . Hoat v
char Arrav [ 10 , 10 ] :// Array is string. |
<y = I

switch ( ch )

for (imt i = 0 ; i == 9 ; I ++
Array [i ] = 8i + vyx * * @x 3
Cout = "ahmad" : a

10| print =< Ahmed

case 0 :

© @ N oMk N

char Arrav [ 10 , 10 ] : /7 Arrav is string.

Solution (2): Corrections in the source program those the lexical analyzer phase

gl 128 (8 Spval) alipl By oy pghs Lony (Lexical analyzer) el st )sh adis cigu sl

P

s gaeal (3 Al Lexical amalyzer by cus il jhud o dggally 1= € (Lexeme) -1
bty Y Al pualdl) Jhud) 3 Bagagally dug Ko B g1 M) a5 Yy Autl dljpa 8 2= (Lexeme)d o Led
el G gl = D gty mapall g ol (pag = ) gl A 50 Loy gl o alla il

o LS i) sl pat) 8 ) Loy paiiaal gy all) ol Bagpgally 8 ¢ (Lexeme) -2
(sl gy & il

o LS ) ol ) T Lghowdy pittuadl) gy () o) B Bagagdlly @ ¢ (Lexeme)-3
(asly oy Byl

LeS ol el ) << gkt pasdl gy aull) s (,,s bgagally << € (Lexeme)-4
(aaly gy Byl 3

@UJJ\ (Kl pidiusall ol Y 9.9.9 JSS@AUJJ‘ ‘,,5 Bgagall Clefilly pualdll V'é Bgagall el LW-3
o ) (ullite TWO Lexemes S (= aaly p 1 Wyl gi - sy ¢l laay asks (Lexical analyzer)
(it )y 8 Lexeme s Lexeme S (i s malip€ Gpnaad) malipd (A0 GA

Al 1 b ol Wyday ¥ (Lexical analyzer) b maipd S Sagagal sl & L6

(20) 20




(21)

Solution (3): Lexemes after correction?

5q.

Lexemes

33.

34,

35,

36.

37,

J8.

39.

40,

41.

41.

43.

44.

45.

46.

47.

48.

49.

£0,

£1.

&1.

3.

4.

&5,

£6

s || :-I-': +m|l-—-—--—-§'¢l—l-r- 'q:-i'i-n--n- =) i H-E:-r-

&7.

Cout

£B.

==

29,

"ahmad"

0.

6l

print

6.

63.

Sg. | Lexemes
1. int
2. main
3. [
4. )
s, {
6. int
7. X
8. .
9, Ahmad
10, .
11. float
11. 3
13, char
14. Array
1%, [
16. 10
17. .
18. 10
19, ]
20. :
2L I ¥
22 =
23 5
24. :
25, switch
26. [
27. ch
28. )
29, caze
3. I
31. :
Al for

4.

Ahmed

5.

o (One lexeme s ++ hicki| pukei it Ji! ki 5
ALl ohk ks gk e JIi B

oyl g 3 | i el | ol 13 L
Two lexemes) W sluds] ket ot 10 Lidkais

S | [P P PRS- [P FE S
wsilal] 1k 355 i JULI § (Onme lexeme ms
T R | v TN P P ™
DAk A it biadl (Two lexemes; w1
ksl
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Solution (4 & 5): Token table and Symbol Table.

Table of Token _‘E'.;?_'_l
S, Token- Tolken- If_"‘:':i

name value dsaa o |
L. int EW | s
2. main EW |
O I 0 N I
1. ) Pun .
S ( [ Pwm | 2
6. int KW !
7 x 4 |1
0 I I T I
o, Abmad Id 2 I
10. R Pun |
11. [ float EW [
11. ¥ 1d |3 .
13. [ char KEw [ 1
14. | Array Id |4 |
15. [ Pun | |
16. 10 Num |~~~
17. . Pun .
18. 10 Num [~
15. ] Pun -
0. : Pum |
2 Xy Id 5
3 = op |
3 3 Num |
2 : Pun |~
2 switch EW |
2 { Pun | 7]
2 ch d |6
b ) Pum |
19, caze KW : : : ::
3. 0 Num I
3l. : Pun |
3 for KW |

Symbaol Table

w

q.

Token-

X

Abhmad

¥

el ] e

Array

i

¥

—

ch

|

FX

] = e e ]
=T

Cout

11.

priont

11.

Abmead

‘Table ot Token
Token- | Token-

> name valoe
33, f Pun
34, imt EW
35, i Id
34, = Op
37. 0 Num
35, : Pun
39, i Id
40, == Op
41. 2 Num
41, ; Pun
43, I Id
44, ++ Op
45. | Array Id
45, [ Pun
47, i Id
48. ] Pun
49, = Op
&0, i Id
£1. + Op
£l ¥X Id
&3, & Op
4, * Op
&5, x Id
&6, : Pun
a7, Cont Id
&8, < Op
59, | "ahmad" | Literal
&, : Pun
6l. priot Id
61, = Op
6.3, = Op
64, | Abhmed Id
65, K Pun
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Solution (6): Tokens stream. |

<int,kw> <main,kw> <(,pun> <),pun> <{pun> <int,kw> <Id,1>
<,,pun> <Id,2> <, pun> <float,k.w> <Id,3> <char,k.w> <Id 4> <[,pun>
<10,number> <,pun> <l0,number> <],pun> <;pun> <Id,5> <=,0p>
<5,number> <;,pun> <switch,k.w> <(,pun> <Id,6> <),pun> <case,kK.w>
<(0,number> <:pun> <for,k.w> <(,pun> <intkw> <Id,6> <=,0p>
<0,number> <;pun> <Id,6> <<=,GE> <9,number> <;pun> <Id,8>
<++,0p> <Id, 4> <[,pun> <Id,7> <],pun> <=,0p> <Id,7> <+,0p> <Id,9>
<*,0p> <*,0p> <ld,1> <;,pun> <Id, 10> <<<,pun> < "ahmad" , Literal >

<;,pun> <ld,11> <<,pun> <<,pun> <Id,12 > <} ,pun=




H.W. (24)
Suppose that we have the following source program by C++. How to analyze it by the lexical analyzer to pass

on to the syntax analyzer? After correct the errors in the lexical analyzer.

#include <iostream.h>

int main()

{
int xy , Ahmad ,

char Array [ 10 ] ; // Array is string

Xy = 93,

X1l = 7

fot(inti=0;i<=9;1++)

O©| 0| N o o b W DN =

Array[ 1 ] =1+ yx** x 1;
Ahmad = x ,

=
o

|
[

Cout << Ahmad ;

H
N
-




THANK YOU



