43 pall pglall 4 1) 4305

gl asle and

Compilers

Third class

dlac

J.ALAJLRT}A.J



1.1 Introduction:

In order to reduce the complexity of designing and building computers,
nearly all of these are made to execute relatively simple commands (but do so
very quickly). A program for a computer must be built by combining these
very simple commands into a program in what is called machine language.
Since this is a tedious and error-prone process most programming is, instead,
done using a high-level programming language. This language can be very
different from the machine language that the computer can execute, so some
means of bridging the gap is required. This is where the compiler comes in.

A compiler translates (or compiles) a program written in a high-level
programming language, that is suitable for human programmers, into the low-
level machine language that is required by computers. During this process, the
compiler will also attempt to detect and report obvious programmer mistakes.
Using a high-level language for programming has a large impact on how fast
programs can be developed. The main reasons for this are:

* Compared to machine language, the notation used by programming
languages is closer to the way humans think about problems.

 The compiler can detect some types of programming mistakes.

* Programs written in a high-level language tend to be shorter than
equivalent programs written in machine language.

Another advantage of using a high-level language is that the same
program can be compiled to many different machine languages and, hence, be
brought to run on many different machines.

On the other hand, programs that are written in a high-level language
and automatically translated to machine language may run somewhat slower
than programs that are hand-coded in machine language. Hence, some time-
critical programs are still written partly in machine language. A good compiler
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will, however, be able to get very close to the speed of hand-written machine

code when translating well-structured programs.

1.2 Programming Languages

A programming language is a computer language that is used by programmers
(developers) to communicate with computers. It is a set of instructions written in any
specific language to perform a specific task.

Hierarchy of Programming Languages based on increasing machine
independence includes the following:
1- Machine — level languages.
2- Assembly languages.
3- High — level or user oriented languages.
4- Problem - oriented language.
1- Machine level language: is the lowest form of computer. Each instruction
in program is represented by numeric code, and numerical addresses are
used throughout the program to refer to memory location in the computers
memory.
2- Assembly language: is essentially symbolic version of machine level
language, each operation code is given a symbolic code such ADD for
addition and MULT for multiplication.
3- A high level language such as Pascal, C.
4- A problem oriented language provides for the expression of problems in
specific application or problem area. examples of such as languages are SQL

for database retrieval application problem oriented language.

1.3 Translator
A translator is a program that takes as input a program written in one

language and produces as output a program in another language. In addition to

translating programs, the translator also plays a crucial role in error detection.



In case that the HLL specification violated, the programmers would be
informed.

Important role of translator is:

1. Translating the HLL program input into an equivalent ml program.

2. Providing diagnostic messages wherever the programmer violates

specification of the HLL.

1.3.1 Assembler
Programmers found it difficult to write or read programs in machine

language. They begin to use a mnemonic (symbols) for each machine
instruction, which they would subsequently translate into machine language.
Such a mnemonic machine language is now called an assembly language.
Programs known as assembler were written to automate the translation of
assembly language in to machine language. The input to an assembler
program is called source program, the output is a machine language translation

(object program).

Source Program .| assembler > Target Program

assembly languge program machine laguage pragram

L 4

Error Messages
Figure (1)
1.3.2 Interpreter
An interpreter is a program that appears to execute a source program as
if it were machine language. That is interpretation of the internal source from
occurs at run time and an object program is generated, Fig (2) which illustrate

the interpretation process.



Data

}

source program___ | Interpreter |, Result

Figure(2)
1.3.3 Compiler:
A compiler translates (or compiles) a program written in a high-level
programming language that is suitable for human programmers into the low-
level machine language that is required by computers. During this process, the

compiler will also attempt to spot and report obvious programmer mistakes.

Source Program Compiler [ " TargetProgram

—

high level language low level language

or machine language program

L

Error Messages

Figure (3)
The time at which the conversion of the source program to an object
program occurs is called (compile time) the object program is executed at (run
time). Figure (4) illustrate the compilation process Note that the program and

data are processed at different times, compile time and run time respectively.

Data
Source Compi]er Ob_] ect Execution Results
Program Program
Compile time Run time

Figure (4) compilation Process



What are things that should be careful when we want to design a
compiler?

1. Correctness

2. Efficiency

3. Usability

1.4 Compiler Construction Tools

Compiler construction involves various tools to aid in the development of
compilers. Some common tools used in compiler construction include:

e Lex and Yacc: Lex is a lexical analyzer generator that converts regular
expression descriptions into deterministic finite automata (DFAS) to
recognize tokens in the source code. Yacc (Yet Another Compiler
Compiler) is a parser generator that generates parsers based on a formal
grammar specification, typically context-free grammars.

. Bison: Bison is a popular alternative to Yacc, providing similar
functionality for generating parsers from grammar specifications.

« Flex: Flex is a faster alternative to Lex for generating lexical analyzers.

It generates C code for scanning the input source code.

1.5 Structure of The Compiler Design
Phases of a compiler: A compiler operates in phases. A phase is a logically
interrelated operation that takes source program in one representation and
produces output in another representation. There are two parts of compilation.
a. Analysis (Machine Independent/Language Dependent)
b. Synthesis (Machine Dependent/Language independent)
The source program is dissected into its component parts and an

intermediate representation of the source program is produced during the



analysis phase. From the intermediate representation, the desired target

program is constructed in the synthesis section. During analysis, the

operations implied by the source program are determined and recorded in a

hierarchical structure called a tree. Often, a special kind of tree called a syntax

tree is used, in which each node represents an operation and the children of a

node represent the arguments of the operation.

Example: a=b+3*d
g \+
b / N
3/ d
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Compilation process is partitioned into no-of-sub processes called ‘phases’.

each of which transforms the source from one representation to another. A

typical decomposition of a compiler is shown in figure (5).
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Figure (5) Compiler Phases

1. Lexical Analysis:
The lexical analyzer is the first stage of a compiler. Its main task is to
read the input characters and produce as output a sequence of tokens

that the parser uses for syntax analysis.



2. Syntax Analysis (Parsing):
The syntax analysis (or parsing) is the process of determining if a string
of tokens can be generated by grammar. Every programming language
has rules that prescribe the syntactic structure of well-formed programs.
Syntax Analyzer takes an out of lexical analyzer and produces a large

tree.

3- Semantic analysis

The semantic analysis phase checks the source program for semantics
errors and gathers type information for the subsequent code-generation
phase. It uses the hierarchical structure determined by the syntax-
analysis phase to identify the operators and operands of expressions and
statements. Semantic analyzer takes the output of syntax analyzer and
produces another

tree.

4- Intermediate code generation

Generate an explicit intermediate representation of the source program.
This representation should have two important properties, it should be
easy to produce and easy to translate into the target program.

5- Code Optimization

Attempts to improve the intermediate code so that faster running
machine code will result.

6- Code Generation

Generates a target code consisting normally of machine code or an

assemble code. Memory locations are selected for each of the variables



used by the program. Then intermediate instructions are each translated

in to a sequence of machine instructions that perform the same task.

Symbol Table:

Portion of the compiler keeps tracks of the name used by the program
and records essential information about each, such as type (integer, real,
etc.). The data structure used to record this information is called

symbolic table.



Example:
Pos:itimI= initial + rate *60

‘ Lexical Analyzer

|

Tokens idl =1d2 +1d3 * 1d4
Syntsx Analyzer
|
v

Semantic Analyzer
|

1d1 +

i |5'0'

mnt to real

!

Intermediate Code Generator
|

temp1 :i int to real (60)

temp2:=1d3 * templ

temp3:=1d2 + temp2
1d1:= temp3.

l

Code optimizer

l

Temp1=id3*60.0

Id1:= id2+temp1
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|

Code Generator

MOVF
MULF
MOVF

ADDF
MOVF

1d3, 12
*60.0, 12
1d2, r2
2. 1l
rl. 1dl

1.5 A simple One Pass Compiler and Multi pass Compiler:

In computer programming, a one-pass compiler is a compiler
that passes through the parts of each compilation unit only once,
immediately translating each part into its final machine code. This is in
contrast to a multi-pass compiler which converts the program into one
or more intermediate representations in steps between source code and

machine code, and which reprocesses the entire compilation unit in each

sequential pass.

There are many differences between one pass compiler and

multi pass compiler as shown below:

JJJAS\JA’:MF)M‘)

BYSRUNPE NI RONE 3

One Pass Compiler Multi Pass
Compiler

Multi Pass Compiler

1. Is a type of compiler that passes
through the parts of source file only
once.

1. Is a type of compiler that process
source program several times.

2. All of the steps happen in one pass
(read some of source file and analysis it
type checked it and optimized it and
generate code for it).

2. Separate compilation into multiple
pass would continue with the result of
previous pass.

11




3. Called narrow compiler because it 3. Called wide compiler referring to the
limited scope. greater scope of the passes .

4. consume less memory because it 4. consume much memory
don’t hold intermediate representation
of whole program.

5. faster 5. slower and more efficient

1.6 Error Handler:

Is called when an error in the source program is detected. It must warn
the programmer by issuing a diagnostic, and adjust the information

being passed from phase to phase so that each phase can produced.

1.6.1 Types of Errors:

The syntax and semantic phases usually handle a large fraction of errors

detected by compiler.

1. Lexical error: The lexical phase can detect errors where the
characters remaining in the input do not form any token of the
language. few errors are discernible at the lexical level alone,
because a lexical analyzer has a very localized view of the source
program.

Example: If the string fi is encountered in a C program for the first
time in context: fi (x==), a lexical analyzer cannot tell whether fi is
a misspelling of the keyword if or an undeclared function name.

since fi is a valid identifier, the lexical analyzer must return the
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token for an identifier and let some other phase of the compiler

handle any error.
2- syntax error: The syntax phase can detect Errors where the token
stream violates the structure rules (syntax) of the language.

Example: for i>;);i=0(
3- semantic error: During semantic analysis the compiler tries to detect
constructs that have the right syntactic structure but no meaning to the
operation involved, e.g., if we try to add two identifiers, one of which is
the name of an array, and the other the name of a procedure.
4- runtime error : These errors occur while the program is running.
They are often logical errors or conditions that arise during execution
that the compiler cannot catch. Examples include dividing by zero,
accessing out-of-bounds array elements, or infinity loops.
1.7 Symbol table
Symbol table (identifier or name table) is a data structure used to

store information is collected by the analysis phases of the compiler.
The stored information (known as attributes) are as follows (for a

particular compiler):

A- Variable Name_-#ial) sl - must always resides in the symbol table
since it is the means by which a particular variable is identified for
semantic analysis & code generation. This attribute should be
inserted into the symbol table during lexical analysis.

B- Object-code address (object time address): dictates the relative

location for value(s) of a variable at run time. The address is entered

in the symbol table when the variable is referenced in the source
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program. Insertion is performed during semantic while recalling aids
in the production of correct target code for a given source program.
i) g 8 jaial) dell Galal) b sall 2asy
C- Type gsill: the type of a variable is used for both — An indication
of the amount of memory that must be allocated to a variable of run
time (e.g. int 2 byte, char 1 byte, float 4 byte ). It is the task of the
semantic when handling declaration statement — for semantic
checking (e.g. it is semantically inconsistent to multiply a string by a
number).
D- Number-of-dimensions & Number-of-parameters :
1- simple variables dimension= 0,
2- vectors dimension=1,
3- matrices dimension =2,
4- procedure dimension= equal to the number of parameters for
that procedure.

The objective of dimension attribute is twofold:

DOl s ad) Aas (e i)
1)As a parameter in a generalized formula for calculating the
address of a particular array element.

int a[2];
char c;
iNt=2) O 13 a oniall adl o day )l Jaai Cagud Voo a O sinll A3y (IS 1)
Vet alae olsie Q4 (byte
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2)For semantic checking (e.g., he number of dimensions in array reference
should agree with the number specified in the declaration of the array). Also,
the number of parameters in a procedure call must also agree with the number

used in the procedure declaration.

22a] (Gildaa Ll 3 LAY die 48 siadl) Al 2ae (558 o) Gy (YAl asid e
Cay il die Alay)
E- Line declared: the source line number at which a variable is
declared. (semantic task).
daall zali ) 8 odic puriall Ciy jed 23 Al ) A8
F- Line referenced: the source line number of all other references to

the variable. (semantic task).
Dvaall gali ) (8 jusiall 4 Jlsy s JS A8
If the last two attributes are to be included in the table then the
listing of the table is called Cross-Reference Listing.

EX1/ Draw unordered symbol table that would result when
compiling the following program segment (with reporting error &
warning message if any).

1 void main();

2 A

3 inti,j[5];

4 char c, index[5][6], block[5];
5 float f;

6 i=0;

7 =itk

8 f=f+l;

9 =X,

10 block[4]=c;

15



11}

-Jad)
Object Line Line
Name address Type | Dime | Declared | Referenced
i 0 int 0 3 6,7,8
j 2 int 3
c 12 char 0 4 9,10
index 13 char 2 4
block 43 char 1 4 10
f 48 float 0 5 8
k - - - - 7

Error line7:  k is undefined (semantic)

Warning line8: f used before initialization (semantic)

Warning line3: j is not used (semantic)

Warning line4: index is not used (semantic)

EX2/ Draw unordered symbol table that would result when
compiling the following program segment (with reporting error &

warning message if any).
1 void main()
{inty,a,b;

char d,h[10];

d="z’;

float f;

h[0]=d;

cin>>a>>Db;

y=a+b;

f=y;

© 00 N O ol h W DN
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10 cout<<f<<y; }

:Jall
Object Line Line
Name address Type | Dime | Declared | Referenced
y 0 int 0 2 8,9,10
a 2 int 0 2 7,8
b 4 int 0 2 7,8
d 6 char 0 3 4,6
h 7 char 1 3 6
f 17 float 0 5 9,10

1.7.1 Types of Symbol tables:
There are different organizations from simple which are storage
efficient, to more complex which provide fast table access.
1. Unordered Symbol Table;
- simple organization
- attribute entries are added to the table in the order in which the

variables are declared.

- Insertion operation requires no comparisons (other than checking
for symbol table overflow).
2. Ordered Symbol Table With Binary Search;
- the table lexically ordered on the variable names.
- an insertion operation must be accompanied by a lookup operation
which determines where in the symbol table the variables

attributes should be placed.
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3. Tree Structured Symbol Tables:
Two new fields are present in a record structure, which
are the left pointer and right pointer fields. Access to the tree
is through the root node (top node of the tree).

Example/ draw tree structured symbol table to store the following
variables: 1, j, ¢, index, block, f, k

:Jad)
L ij-| - R
Ptr. Ptr
LPtr ¢ ||  emmmemem- R B — R
/; Ptr.\ / / Ptr. \\
J |block | _| / / index | _| ____ / /N k|-]| -
/| f]-] —- !

4. Hash Table

A hash table can also be used to implement a symbol
table, a table of constants, line numbers, etc. it can be
organized as an array, or as an array of linked list, which is the
method used here. We start with an array of null pointers, each
of which is to become the head of a linked list. A word to be
stored in the table is added to one of the lists. A hash function
Is used to determine which list the word is to be stored in. An
example of a hash function would be to add the length of word
to the ASCII code of the first letter and take the remainder on
division by the array size, so that

Hash (4elS) =(3alSll J sht-4alSll e Js¥) s all 5 S S )% hashmax
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Example/ Where the variables (frog, tree, hill, bird, bat, cat) will be
stored in a hashing type of symbol table if the hash table size is (70) records.

Hashmax= hash table size Jsxll axa

:dad)

hash(frog)= (4+102)%6=4

hash(tree)= (4+116)%6=0

hash(hill)= (4+104)%6=0

hash(bird)= (4+98)%6=0

hash(bat)=(3+98)%6=5

hash(cat)=(3+99)%6=0

hill

v

0 tree

h 4

bird y cat /

NN

4 frog /
b bat /

We required several capabilities of the symbol table we need to be able

to:

1- Determine if a given name is in the table, the symbol table routines are
concerned with saving and retrieving tokens.

2- Access the information associated with a given name, and add new
information for a given name.

3- Delete a name or group of names from the table.

19



2. Lexical Analysis
2.1 The Role of lexical analysis :

e |s the first phase of compiler.the main task of lexical analyzer or lexer for
shor is to read the input characters and produce a sequence of tokens uch
as names, keywords, punctuation marks etc.. for syntax analyzer.

e The interaction between lexical analyzer and syntax error implemented by
making alexical analysis be a subroutine of the parser. Up on receiving a
"get next token" command from the parser, the lexical analyzer reads input
characters until it can identify the next token.

SOowrec exscal L Parser
Dugce Lex. Parser >
peogram + Analyzer ‘
‘ Get next
v\ Token /1
\ y
N\ ///
\\ /
N\ /
' rd
Syvmbol
Table

Fig. (6 ) Interaction of lexical analyzer with parser

The lexical analyzers is divided into a cascade of two parts: the first called

scanning and the second called lexical analysis , scanner is responsible for
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doing a simple task like stripping out from the source program comments

and white space , while lexical analysis does the more complex tasks .

Token ,Lexeme, Pattren:

Token : a set of constructs forming the source program language like
keyword, identifier, constant .

Lexeme: a sequence of characters in source program that is matched by
the rule for a token.

COSslb Al rule J lele Gubaii Al Cag all (e de gena

Pattern: the rule that describing the set of lexemes that can represent a
particular token in source program .

lexical J) due [ yan siiny s dima (S 55 JAa5 Sl 5 [eXEMES J) (0 Ao sana Caay (53 () L4l
CREJ a5 s IS (858 S Caa g delual laa dady dliu s il s analyzer

RE for identifier - 1d — letter (letter | digit)*

_grammerd\ aadivin ALK Alaa Caia o Lol Baa) 6l B3 jiall Caia dl RE J Aladin) b Glaa yiadl) 4

token ,pattern,lexeme g s J s / Jia

token Informal description Sample
lexeme

1 If Character I.f If

2 else Character e,l,s,e else

3 Comp <or<=or>=or>or!= <=>=I1= ...
arison

4 Identif Letter followed by letter or D5,pi,initial
ier digits

5 numbe Any numeric constant 3.452 56,12
r 0

se o S (lexical attribute) clawall g de sean 855 IS oS lexical analyzer J)
OS5l ea e Cilaslaa
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Types of token:

1. Constant

2. ldentifier

3. Operators

4. Relational operations
5. Special characters
6. keywords

2.2 Input Buffering:

To find tokens, the lexical analyzer goes through each character in the
source program one at a time. The lexical analyzer should ideally receive its
input from the buffer. The token that is being found starts at the beginning
with one pointer, from the beginning pointer, a look ahead pointer scans until

a token is found.

Since the lexical analyzer reads letter by letter, it is unreasonable for it
to perform disk access when reading each letter, so it fetches a set of letters
and stores them in a store called a buffer, and this store may have a capacity of
100 letters or 200 or more.

e Al Jgea sl dulemy 2 gy o Jisirall e (ed Cija s 14 lexical analyzerd o) W

sy () e (A L a5 Al e de sana cala a5 UMl o s S 36 8 2ie (disk access)

There are two pointers for each buffer:

: Lea buffer JSI (i 5e llia
1. begin pointer ( bptr): a pointer that indicates the beginning of the
current lexeme.
2. forward pointer (fptr): a pointer that moves forward until the pattern is
matched, i.e. when the set of letters that were read form a specific

token.
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Sl lexeme JVdglas () ady ser bptr 1
de gana JG Ladie ¢l pattrend) dlae &35 o) A ALY AV & oaty liger fptr 2

. Asna oS 5 Lde) 8 el il i Ay

f Ptr
b Ptr : f Ptr

t'loatla

v| e { eof |

When the end of the buffer (eof) is reached, the Lexical analyzer will reload

the buffer.

- Lexical analyzer either uses One Buffer or Two Buffer, but when using
One Buffer, we will face a problem if the lexeme comes at the end of the
buffer, and the buffer fills before the lexeme ends, as follow:

4leny o siss Lexical analyzer J) Gé(Buffer « ) (eof) oaall e ) Jsaasll xic
oS Two Buffer s « One Buffer sxaiw WL exical analyzer « ¢aall Jueaisale)
il Al 8 (Lexeme) aenSll el 1) 1S5 4a) g3 One Buffer pladiul aie
f S ansSll) i o J i) lial

float average;

cin>>average;

fptr

f 1 o |a |t a |v |e cof
bptr

If the fptr reaches the end of the buffer and we reload it, new data will be

written over the old data and we will lose the beginning of the lexeme.
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dagaal) bl (3 68 Baaa Lk S el Jaaati Bale) Ulee 5 il Ales ) fptr J) Jaa s 13)

fptr

v

I a

eof

(]
@

bptr
To overcome this problem , two buffers will be used . If we reach the end of

the first buffer, the second buffer from the source program will be reloaded,
and if we reach the end of the second buffer, the first buffer will be reloaded,
and so on until the source program ends.
1315 ¢ anmaall gl (o A il Qe s3le) Aglae (5 s J5Y1 il e ) Ul s 1)
bl ity o I 138 5 Y1 ill Qs aale ) dlee (5 s 3 il kg ) Uibeas

JJ‘\AAM
fP , fPr .
f Pr t/ f Pir
' . .
1l o 1| | ]:: \ ¢ | eol 1|:| £ c| : c] 1| n > | eof
t t
b Pir b Ptr

When f ptr reaches the end of the lexeme, the Lexical analyzer will take the
word between . bptr and fptr
J) by sl Al 33l Lexical analyzer J) ol awsll Ay ) f ptr I J s s 2ic
fptr 5 bptr
2.3 Recognition of Token
For a programming language there are various types of tokens such as

identifier, keywords, constants, and operators and so on. To represent these
terms, the Lexical analyzer will send a pair of values to the parser:

<Token type, Token value>
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token type : tells us the category of token such as identifier,
keywords, constants and so on.

token value: gives us the information regarding token. The token value

is also called token attribute.

If the token is of a simple type such as (if, float, {, +, ;) the Lexical analyzer
will send only one numeric code indicating the type of the token.

<if, >
However, if it is complex (constants and variables), the Lexical analyzer will
send a numeric code with the type of the token in addition to a pointer to the
symbol table indicating where this variable is stored in the symbol table as

follow:

<id, Ptrto Symbol table entry >

token

token
type

value

J ) o e {e (int, float, ..) dalidal) dalSN ) Jie sl & 6l (e S 5l calS 1A%
Baiaa culS 13 Lal (oKgll g 6 Gan Jadh aaly a8 38 Juw <ise Lexical analyzer
&) Al S5l g s ady a8 Ju cagn Lexical analyzer J gla( <l ssiall 5 cul i)

sl dsas (8 il s (5 e e day Hse )l dsaad )i
/adaaSa
The token value can be used to distinguish the token. for example, if we treat
the operator as a token, we will need the token value to recognize the type of
operator.

<operator,+>

*

/
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For example —

We will consider some encoding of tokens as follows.

Consider, a program code as
if (a<10)

The lexical analyzer will generate following token stream:
<1, > <8,1> <5,100> <7,1> <6,105> <8,2>
H.WI/ i=i+2;

else

I=i-2;

26

Token Code Value
if 1 -
else 2 -
while 3 -
for 4 - Symbol table
ol M hokh i The corresponding symbol table for identifiers and constants will be,
constant [ Ptr to symbol table 'g:“':t:;' Type Value
- 7 1 100 identifier | a
<= 7 2 05 consant | 10
» 7 3 07 — i
= 4 . o constant | 2
1= 7 5
{ 8 1
) 2
b 8 1
- 9 2
s 10 -




2.4.1Specification of Token

In compiler design, Regular expressions are powerful tools for

specifying and describing token patterns.

Regular Expression: Regular expressions is a useful notation suitable for
describing tokens. A regular definition gives names to certain regular

expressions and uses those names in other regular expressions.

Strings
A string over some alphabet 15 a finite sequence of symbol taken from that alphabet.

For example, banana 1s a sequence of six symbols (1.e.. stnng of length six) taken
from ASCII computer alphabet.

The empty string denotad by € 1s a special string with zero symbols (1.e., string
length 15 0).

If x and y are two strings, then the concatenation of x and y, written xy, 1s the string
formed by appending y to x.
For example. If x =dog and y =house, then xy = doghouse.

For empty string, € we have SE=€S=S§.

String exponentiation concatenates a string with 1tself a given number of times:
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§'=8SorS.S
$* =555 0rS.8.5
S*=55SS or $.5.5.8 and so on

By definition S” is an empty string. € and S’ =S. For example, if x =ba and na then
xy" = banana.

Languages
A language 1s a set of strings over some fixed alphabet. The language may contain a
finite or an infinite number of strings.

Let L and M be two languages where L = {dog. ba. na} and M = {house. ba} then

« Union: LUM = {dog. ba, na. house}
« Concatenation: LM = {doghouse, dogba. bahouse. baba. nahouse, naba}

« Exponentiation: L =LL
« By definition: L’ ={€} and L' =L

The kleene closure of language L. denoted by L*, 1s "zero or more Concatenation of’
L.

L*=L°UL ' UL*UL’.. . UL"...
For example. If L = {a. b}. then

L*={€ a, b. aa, ab, ba. bb, aaa. aba, baa. . ..}

The positive closure of Language L. denoted by L™, is "one or more Concatenation
of" L.

L"=L"UL*UL*...UL"...
For example. If L = {a. b}, then

L™ = {a. b. aa. ba, bb. aaa. aba. . . . }
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2.5 Finite Automata: A recognizer for a language is a program that takes

a string x, and answers “yes” if x is a sentence of that language, and
“no” otherwise. We call the recognizer of the tokens as a finite

automaton.

A finite automaton can be: deterministic (DFA) or non-deterministic
(NFA)

-Non-Deterministic Finite Automaton (NFA):

» A non-deterministic finite automaton (NFA) is a mathematical model that
consists of:
« S-asetof states
. X -asetof input symbols (alphabet)
« move - a transition function move to map state-symbol pairs to sets of

states.

« S0 - astart (initial) state
« F-asetof accepting states (final states)

» A- transitions are allowed in NFAs. In other words, we can move from one
state to another one without consuming any symbol.

» A NFA accepts a string x, if and only if there is a path from the starting
state to one of accepting states such that edge labels along this path spell
out X.

Example: Following figure shows an NFA that recognizes the language:

(@alb)*ab
d
o I b‘ —
4{} J‘: . ::f1 3 ::’/I‘;j ?I
start —4 — \N—/
|

v

Transition Graph
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0 is the start state s0
{2} is the set of final states F

E ={ab}
5={01,2}
Transition Function:
a b
0 {0,1} {0}
1 i {2}
2 { {

The language recognized by this MFA is (a|b)*ab

This automation is nondeterministic because when it is in state-0 and the input
symbol is a, it can either go to state-1 or stay in state-0.

-Deterministic Finite Automata (DFA)
A deterministic finite automation is a special case of a non-deterministic finite
automation (NFA) in which

1. no state has an A -transition

2. for each state s and input symbol a, there is at most one edge labeled a
leaving s.
A DFA has at most one transition from each state on any input. It means that
each entry in the transition table is a single state (as oppose to set of states in
NFA).
it is very easy to determine whether a DFA accepts an input string, since there
is at most one path from the start state labeled by that string.

2.6 Design Lexical Analyzer Generator:

Lexical analysis is a process of recognizing tokens from input source
program. Now the question is how does lexical analyzer recognize tokens,
from given source program? Well, the lexical analyzer stores the input in a
buffer. It builds the regular expressions for corresponding tokens. From these
regular expressions, finite automata is built. When lexeme matches with the

pattern generated by finite automata, the specific token gets recognized.
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There are three steps to design a lexical analyzer generator:
1. builds the regular expressions (REs) for corresponding tokens
2. build NFA for each RE
3. Convert NFA into DFA
Note: DFA: It is used to accept or reject a set of letters and symbols, so it was
used for the Lexical analyzer to know whether the token belongs to this
language or not.
I lgalasins) a3 A gyl g al) (e de sama by ol J ol aadiins DFA ; sddasdle
Yol dalll o ) i 32 44l Ja 48 12l |exical analyzer

-Converting RE to NFA
1. This is one way to convert a regular expression into a NFA.

2. There can be other ways (much efficient) for the conversion.
3. Thomson’s Construction is simple and systematic method.
4. It guarantees that the resulting NFA will have exactly one final state,

and one start state.

o1

Construction starts from simplest parts (alphabet symbols).

6. To create a NFA for a complex regular expression, NFAs of its sub-
expressions are combined to create its NFA.

Rules :

e To recognize an empty string &:

N_E
— g ‘—.. f
\_/ \\—/j

e To recognize a symbol a in the alphabet X :

~_ 2\
—”lj'—.' f

\—/
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e Forregular expression rl | r2:

N(rl) and N(12) are NFAs for regular expressions rl and r2.

e For regular expression r1 12

Here, final state of N(r1) becomes the final state of N(r112).
e For regular expression r*

Example:
For a RE (a|b) * a, the NFA construction is shown below.
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-Converting NFA to DFA (Subset Construction)

We merge together NFA states by looking at them from the point of view of

the input characters:
* From the point of view of the input, any two states that are connected by
an —transition may as well be the same, since we can move from one to the
other without consuming any character. Thus states which are connected
by an -transition will be represented by the same states in the DFA.
« If 1t is possible to have multiple transitions based on the same symbol,
then we can regard a transition on a symbol as moving from a state to a set
of states (ie. the union of all those states reachable by a transition on the
current symbol). Thus these states will be combined into a single DFA
state.

To perform this operation, let us define two functions:

1) The -closure function takes a state and returns the set of states reachable
from it based on (one or more) -transitions. Note that this will always
include the state itself. We should be able to get from a state to any state
in its -closure without consuming any input.

2) The function move takes a state and a character, and returns the set of

states reachable by one transition on this character.

Q/ Write Regular Expression (RE) for following token and then
draw transition diagram for each one:
1- identifier 2- Relation operation (relop) 3- constant
4- float
:Jall
RE and TD for each token are as follow:
1- RE of identifier : letter(letter|digit)”
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Letter ', digit

Letter @ Other
s0 51 \
€ ®

2- RE of relop:

<|>|<=|=|!=|>=

< _ Return (Relop, LE)
S0 s1 @
O
Other

* Return (Relop, LT)

= Other &

Return (Relop, Eq)
o s4 ‘( : >

s6 Return (Relop, GE)
Other X Return (Relop, GT)

! 3\ Return (Relop, NE

! =@ = :® Other eturn (Relop, NE)

v

3- RE of Constant:
(digit)* | (digit)* (.) (digit)* | (digit)* e (+|-) (digit)* | (digit)* (.)(digit)* e
(+]-) (digit)”|

digit

digit

4- Re of the keyword (float):  float

. 1 5 a t other ==
I — R

> 1}

& ..., while | if Jie dalifal) cilalsll AL AL udd Gabai
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Compiler (=)

Lecture (1) (( =3l The Strings)

paial) 0585 b Al iy 0 380 w205 UL )58l e 58 00 Bke o853 Al String J)

o) Cladle (p ada 55 Ol aali Cisal characters <isaY) (e de sena e (5 siay String & 55 (e

( nn )

L 4y 5S4l headers U dila) e pals header < e cans string & 55 (e i) aladiny
#include <string.h>

string J) 4iSay o2 (oaui g

e A SHriNG £ s (e <l psial) muand a5 string J) Alul (o Ca a3 5 :String concatenation

_JA\}

W J o, n Wb W

o o o
oW N O W

#include <iostream
using namespace std;
int main()
=R
string firstName = "John ";
string lastName "Smith"

string fullName firstName + lastName;

cout << fullName;
return 0;

String Jl Sllee aes o581 4 dald JI 53 e (5 5isy Cua object 430 string J) ey ¢ ddas3le

Asa g (N @;l\ dolee ALE5 dlany AllAl) oda a o83 Cus append 42 string J) pading :Append 4l

Adl) ) e sl concatenation o (sesd s sl dadll I 3aaa dad Canai 431 (3 8
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1 #include <iostream
2 #include <string
) using namespace std;
4
5 int main()
6 =
7 string firstName = "Zaid ";
8 string lastName = "Omar";
9
10 string fullName = firstName.append(lastName) ; +AIknans LREIDING
11
12 cout << fullName; SRRK
13
14 retarn O;
15
16
String J) Ji s
J Jsk Jiaig string J & characters J) 2ae Jiai daoxe dad g la )b Allall o3 o 685 1 strien( ) 4l
. string
Ll Alall o3a i (S cin>> Al 4L | string J = Bel yall dalec Allal) oda Jiaig s getlin() ad)a
.enter J'sspace Jl 3¢l & o 58
1
2 : g
3 using namespace std;
4
5 int main()
6 €
7 string name;
9 cout << "type your full name: "
10 cin >> name;
11 cout << "Your name is: "<< name; Aidns bez gin
12
13
14 return O;
15
16
17 -~




dijls 51885 s

e compiler 33k / @ gulall and [ 48 pall & glall 4y il 48

QWm0 bd Wl

[

o

asi

int
= €

Aaae lOoStrean
3 138 e el s

cin.getline (name, 20) ;

cont<< name<

count<<strlen

return O;

ing namespace std:;

<endl;

(name) ;

N1 Gowis o Cun | strepy(n1,N2) & Witsa s Fowl) ulead Alall 38 230 1 strepy () domd) A1

: slial el LS 2

0wl ohbd WM

int

char n2[501:;

cin.getliine (nl

strecpy(n2, . nl) ;

(]

count<<n

-

retuarmn OC;

clude iostream
clude sStxing>
clude sSstxing.nh

r 2

1)

-

string J) 8 char <a_a) JsY ASCIH O a o 45 jall Allall s2a aascis 1 stremp( ) 46 tall Al

.stremp(nl,n2) & Wirva
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DB A B ) s Wil Hhe S5 Cua
Al G sbude strings JV OIS 1 0 ded
.N1>N2 JS 11 1A ge da

.nl<n2 o813 :1- Al dagd

NN
WN OO Mn0EWN

[l ol
S ook

18

cont<-

return

strcmp (nl, n2) ;

: isalpha 4

char J gl 13} L stringd) pasdl aadius c++ Jiso ge Al a5 (alphabets ) <asall Alla el

I «¥ ol alphabet s Gl

alphabet s» &Ll char J) O\S 131 (non zero) 4 e sl dad as 5 -

not alphabet s Gl char J) O\S 131 (zero) 4 b dad aa iy -
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2 #include iostrean

2 #include stxing.h

3 #include ctype.hn:

4

5 using namespace std;

©

7 int main /()

8 =R

S char M;

10 cin>>M;

11
12 if (isalpha(M))
i3 = {
14 cout<<™ It's Alphabet"™;
D = 3
16 else
17 cout << "It's Not Alphabet"™;
8
19 return 0O;
20
21 —

1

2

3

. :

5 nsing namespace std;

S

7 int main()

8 =€

S
L char str[l="ARgXYzl234567";
11
312 for (int i1i=0; i<strien(stxr); i++)
13 = 1
14 I if (isalpha(stx[i]l))
1S = {
L& cout<<str[il<<™ ';
317 = )
18 ~
19
20 retarn OC;
21 —
22

9 Al QS £ g A £ () Jaghyg string J) (B 829 gall Jadd g al) U maliall B a5 dua

BITY
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: isdigit 4
IY o)l S Westring J) (& 2sa sall char J) pasdl addius o4+ Zﬂd\jqwi\l\q‘;ﬁj

digit s»» @l char J) OlS 13 non-zero 4«8 as 5 -

not digit s& &Ll char J) oS 13 zero dad aa iy -

using namespace std;

int main()

LUA TS U I o VRV L Y SR VU S8 B B

char mixstr[]="gbcl23459xyx01";
for (int i=0; i<strlen(mixstr); i++)

Pt
o

if(isdigit(mixstx[i]))

SEARNIAFPANTNN

cout<<mixstrij<<”" ";

O B I SV S
LI S S

bt
w0

return 0O;

[SSI (8]
O
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Lecture (2): Files in C++

Gkl Jiiad (58 Cun | aa il Ladashy Al bl Gla Al 4indai s ) sa (e 5ol a5 0 SO
cmd J) & e iell s ) el ) & Jeasy LS 38530 day (803 Y 5 43005 ) gucny
) 5 IXEAUS Jld 0 5Ss o8 Cum o Aad eyl (8 Sl il g g oy (95 Q) S5
LAY SN (e g s
Glaal ax il (Kas ) Processes Clilee (e lilall 8 Jeasy LS @Ol e Jass Al cilleal)
elida) aay s 2665 Y g 5 Y g ASU ULl ¢ <8 Ll Alla 8 (KD Agline O e cililee
bl
s @dulal Jhga
b O e Jalai ) ) ol ALAS £ e A3l (g gi g (CoH+) duma ) AR 53 5 50 A5 Vg0
. CH+ Axd
(mod ): «3Lldll e Juaad Al clleadl ) (e
Ala B AUS dlee Jiad s "W G Ll e O3 e UK dlee ¢ (Write) U< -1
Ao debball &5 g Sl (5 60 o 585 dpleadl s (U8 Q8 25 5 pae Alla (85 (are S8 253
M e s Wile 0 sSe Juld e o)l dglae (read) 3¢) 3l -2

) by dsla) 3 g Jital) (iiia 33 5 g0 (4 50 s llall Jiaas dlee : (append) Jiadl) -3
Ll 850 g sall A0 53 il

3l gy aal (4

gsiniy, main() J am gl dolay A& iSS o) cang g Calall 8 5 g 4S5 Allal) o34 0 585 : fopen() 4l
e s sing S il path Jidl slieY) sl Jidl) (S Jias string 4 55 58 JsY) G skia e
Lase ) S0 LS dlae IS Cannsy BN e Ledae o)y ) dileadl 8 s mod )

fopen( ““ path”, “mod ) : fopen() 4l LS Zapa
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cpaiall Jae olel amy mali pll Ble (a3l mali ll dgled my aiSH | Calal) sle s felose() Al

fclose (filename) : & Wissa s, Ladd gpen () JV Ay A O Sl Jidl) ol Jiay paiia e (g giat

there X main.cpp

1 #include <iostrean

2

3 using namespace std;
4

5 int main|()

6 [If

7 FILE *myfile;

8 myfile = fopen("1l.gxg","w"):
g
10 fclose (myfile);
11 return O;
12
13
14 -

Program 1: creating first file with name ( 1.txt)

Oiosie 2l N e il debila o) Wl e i) Ji) e dlall oda Jasd 5 :pute 41
s rua

Putc( ch, filename)
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1 #Finclude <iostream>
2
3 using namespace std;
4
5 int main()
€ = R
7
8
=] FILE *fmyfile;
10
11 char path[]l="1.£x8"’
12 char ch;
i3
14 myfile = fopen(path, "w"):
15
16 cin>>ch;
17
18 putc(ch, myfile) ;
19
20 fclose (myfile) ;
21 retarn O;
22 }
23 —
<
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Start here X main.cpp X main.cpp X
3 6 #include <iostream>
2
3 using namespace std;
q
5 int main()
6 [t
7
8 FILE fmyfile;
=]
10 char path[]="1.txt™?2
11 char ch='B"';
12
13 myfile = fopen(path, "w"):
14
15 putc(ch, myfile) ;
16
17 fclose (myfile) ;
i8 return O;
19
20 —

pladiv) die COUN Als 8 ¢in>> J Y JRaY 5 sel il Luleal Alall o34 a2iinsi scin.get A

writed)

Laas 5 cin>> Jl oS enter J)s space-bar J) degs ¥ Lal Alall sda jaati
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1 #Finclude iostream
2
3 using namespace std;
4
S int main()
3 =«
7 FILE fmyfile;
8
S char path[]="1.£xg"’
10 char ch;
11
§ B myfile = fopen(path, "w"):
13
14 = do {
15 cin.get (ch)
16 gin.get I =glel
5y putc(ch, myfile)
18
19 = while(ch!= )2
20
21
22 fclose (myfile) ;
23 return O;
24
25
26 -
1 k;:cluje <iostream
2 using namespace std;
3
< int main{()
5 Bt
(3] FILE ‘*myfile;
-
8 char path[]="1.£x%";
9 char ch;
0
1 myfile = fopen(path,"w");
2
3 = do {
4 cin.get (ch);
5 if (ch!='x") ot
3 putc(ch,myfile);
7
8 - } while(ch!= )
9
0
1 fclose (myfile);
2 return 0O;
3
4
-

sel_all cillee o) yals aaall QA e slediul g I Gla iy JSaYL ; BN b ¢ A Ll

cpndl QU lose 13 (351 e e Jpasll
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W -d b W N

[ T S T ST SO T N T NG R O S I o B S I S S S = S S
P Y S O N T R P R T N T S TR N S

using namespace std;

int main()
=R
FILE *myfile;
char path[]="E:\\new\\1l.gxg";
char ch;

myfile fopen (path, "a") ;
do {
cin.get (ch);
if- (chl= )
putc(ch,myfile);
} while(ch!=

)

fclose (myfile);
retuarn 0O;

NARARRT AR,

ARRNAT

OSLs Write J) Jens LS JAEI) ) bl s alaall 038 o585 1 """ Bl e Append J) dules

i) L Aleal) o3 saai Y 43l (3 il

W=, Wl

*1NC

lude iostream

using namespace std;

int maini)

=R
FILE *myfile;
char path[]="E:\\new\\1l.gxg"’
char ch;
myfile = fopen (path,"a"):
= do {
cin.get (ch);
if (ch!= )

putc(ch,myfile);

= } while(ch!='x");

fclose (myfile);
return O;
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Al Sy e s sing G e by sl dlee A5 T Ll 3o s Read dil ¢ o) A Ales
read mod Ji alaaiul aie il 3¢) 58 dlla 8 Allall o3 aadins © gete Al
L B sel Al ke Aled e pd5e s 25 end of file : EOF J) sd3a

¢S file location JV Al 8 335 WS path J) iy, Jalall 003 adsal e 58 5 zpath Jidl) alaial
.(\\) double back slash < (\ ) back slash J! sui b i

1 l:-" clude iostream

2

3 using namespace std

49

= int main /()

& =R

7 FILE *myfile;

8

S char path[]I="E:\\new\\1.&xg":’
10 char ch:’

B

iz myfile = fopen(path, "xr")
i3

14 while( (ch=getc(myfile) ) !=ECOF)
i5 = (

16 cout<<ch;

17 - &

8

19
20 fclose (myfile) ;
21 return
22
23
24 —
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