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UNIT- 1: Introduction to Compiling 

 

1.1 Compiler 

A compiler is a program which takes one language as input known as source program and translate it into an 

equivalent another language known as target program. 

In most cases the target program is in the form of assembly language for further process. 

 

                          Input (Source Program)                                     Output (Target Program) 

 

Figure 1.1: Compiler Working 

 

During this procedure if some errors are met then compiler shows them as error message. 

 

If we relate it with translator, Translator converts one form of program into another form. 

So we can say: 

Translator: One form of Program to Another Form 

Compiler: High Level Language to Low Level Language 

Assembler: Assembly Language to Machine Language  

 

The compilation tool chain 

For huge programs, the compiler is truly part of a multistep tool chain  

 

 
Figure 1.2: Compilation Chain 

Analysis of Source Program 

The source program can be analyzed in following three phases: 

1. Linear Analysis:  Source string is read from left to right and grouped into tokens. 

2. Hierarchical Analysis: Characters or tokens are grouped hierarchically into nested collections for 

checking them syntactically. 

3. Semantic Analysis: This ensures the correctness of meaning of the program. 

 

 

Phase of Compiler 

The whole compilation process is majorly carried out in two parts: Analysis & Synthesis. 

In analysis part the source program is read and broken down into constituent pieces. The syntax and meaning 

of the source string is determined and then an intermediate code is created from the input source program. 

 In synthesis part this intermediate form of the source language is taken and converted into an equivalent 

target program. During this entire process if certain code has to be optimized for efficient execution then the 

required code is optimized.  
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                                                                                      Source Program 

 

 

                                                                                                                                            Analysis Phase 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                    Synthesis Phase 

 

 

 

 

                                                                               Target Machine Code 

Figure 1.3: Phases of Compiler 

Lexical Analysis 

This is also known as scanning. In this phase complete source code is scanned and source program is broken 

up into groups of string called token.  

A token is sequence of characters having a collective meaning. 

Example:  

result = counter + ratio * 50 

In lexical analysis phase this statement is broken up into series of tokens given below: 

The identifier result; The assignment symbol; The identifier counter; The plus sign; The identifier ratio; The 

multiplication sign; The constant 50 

 

The lexical analysis phase eliminates the blank characters during scanning. 

 

Syntax Analyzer 

This phase is also known as parsing. The token generated by lexical analysis are grouped together to form a 

hierarchical structure. This phase determines the structure of the source string by grouping the tokens 

together. The hierarchical structure generated in this phase is known as Parse Tree or Syntax Tree. 

Example: for the statement result = counter + ratio * 50, parse tree is given below 

      = 

 

     Result               + 

 

      Counter        * 

                                                    

                                                                                   Ratio       50 

Figure 1.4: Process of Syntax Analyzer 
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Semantic Analysis 

This phase basically determine the meaning of the source string. For example meaning of source string means 

matching of parenthesis in the expression, or matching of if..else statement or performing arithmetic 

operations of the expression. 

 

Intermediate Code Generation 

This code is easy to generate and can be easily converted to target code. There are various forms of this code 

such as three address code, triple, posix. The three address code is like an assembly language.  The three 

address code consists of instructions each of which has at the most three operands.  

Example 

temp1: = int to real (50) 

temp2: = ratio * temp1 

temp3: = counter + temp2 

result: = temp3 

 

Code Optimization 

This phase attempt to improve the intermediate code. This is necessary to have a faster executing code or less 

consumption of memory. This will improve the overall running time of the target program. 

 

Code Generation 

This phase generates the target code. The intermediate code instructions are translated into sequence of 

machine instructions.  

MOV ratio, R1 

MUL #50.0, R1 

MOV counter, R2 

ADD R2, R1 

MOV R1, result 

 

Symbol Table Management 

The symbol table stores information about program variables that will be used across phases. Typically, this 

includes type information and storage location.  

A possible point of confusion: the storage location does not give the location where the compiler has stored 

the variable. Instead, it gives the location where the compiled program will store the variable.  

 

Grouping of Phases 

                 

                    

 Input                                                                                          Intermediate                                                                  Output          

Program                                                                                          Code                                                                   Program 

                                                                                                                                            

 

 

 

Figure 1.5: Grouping of Phases 
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Bootstrapping 

A process in which a simple program is used to translate more complicated program which in turn may handle 

far more complicated program. Bootstrapping is the technique for constructing a self-compiling compiler - 

that is, compiler (or assembler) inscribed in the source programming language that it means to compile. A 

primary core version of the compiler - the bootstrap compiler - is generated in a different language (which 

could be assembly language); successive expanded versions of the compiler are developed using this minimal 

subset of the language. 

 

Role of Lexical Analyzer 

This is the first phase of compiler. The lexical analyzer read input from left to right character by character and 

generate the sequence of tokens. Each token is a kind of single logical cohesive unit which represents 

identifier, keywords, operators and punctuation marks.  

 

 

 

 

 

 

 

 

 

Figure 1.6: Role of Lexical Analyzer 

Functions of Lexical Analyzer: 

1. It produces stream of tokens 

2. It eliminates blank and comments. 

3. It generates symbol table which stores the information about identifiers, constants present in the 

input. 

4. It keep track of line numbers. 

5. It reports error occurred while generating the tokens. 

 

Tokens: Describes the class or category of input string. 

Patterns: Set of rules that describe the tokes. 

Lexemes: Sequence of characters in the source program that are matched with the pattern of token. 

 

Input Buffering 

The lexical analyzer scans the input string from left to right character by character. Two pointer are used by 

lexical analyzer in this process to keep track of the portion of the input scanned. 

Begin_ptr (bp) and forward_ptr(fp) 

 

At starting point both the pointers point to first character of the input string. The forward_ptr move ahead to 

search for end of lexemes. As the blank space is occurred, it indicates end of lexemes.  

bp 

                            

i n t  I * j ; i = i + 1 ; 

 

fp 

 

The fp will be moved ahead at white space. When fp encounters white space, it ignore and move ahead. Then 

both the bp and fp are set at next token. 

 

Input String                                   Demands Tokens                                      Rest of Compiler                                   Target Code 
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                                                           bp 

 

i n T  i * j ; i = i + 1 ; 

 

                                                          fp 

Figure 1.7: Input Buffering Structure 

 

Specification of Token 

Regular expression are used for specification of token. When a pattern is matched by some regular expression 

then token can be recognized.  

Regular Expression 

Regular expression are mathematical symbolism which represents the set of strings of specific language. It 

provides convenient and useful notation for representing tokens. 

Rules for describing definition of Regular Expression 

1. € is a regular e pressio  that de otes the set o tai i g e pt  stri g. 
2. If R1 and R2 are regular expression then R = R1 + R2 (also represented as R1|R2) is also regular 

expression which represents union operation. 

3. If R1 and R2 are regular expression then R = R1.R2 is also a regular expression which represents 

concatenation operation. 

4. If R1 is a regular expression then R = R1* is also a regular expression which represents kleen closure. 

 

 

Recognition of Token 

For a programming language there are various type of tokens such as identifier, keywords, constants and 

operators and so on. The token is usually represented by a pair token type and token value. 

The token type tells us the category of token and token value gives us the information regarding token. The 

token value is also called token attribute. During lexical analysis process the symbol table is maintained. The 

token value can be pointer to symbol table in case of identifier and constants. 

 

Token Type Token Value 

                                                                                 Figure 1.8: Token Representation 

 

LEX 

LEX is a UNIX utility which generates the lexical analyzer. A LEX lexer is very much faster in finding the tokens 

as compared to the handwritten LEX program in C. 

The LEX specification file can be created using the extension .l. For example, the specification file can be x.l. 

This x.l file is then given to LEX compiler to produce lex.yy.c. This lex.yy.c is a C program which is actually a 

lexical analyzer program. The LEX specification file stores the regular expressions for the tokens and the 

lex.yy.c file consists of the tabular representation of the transition diagram constructed for the regular 

expression.  
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Figure 1.9: Working of LEX 

YACC 

YACC is one such automation tool for generating the parse program. YACC stands for Yet Another Compiler 

Compiler which is basically the utility available from UNIX. Basically YACC is LALR parser generator. The YACC 

can report conflicts or ambiguities in the form of error message. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.10: YACC (Parser Generator Model) 

 

The syntactic specification of programming language 

Context Free Grammar 

An important issue is parsing is specification of syntax in programming language. Specification of syntax means 

how to write any programming statement. Certain characteristics of specification of syntax: 

(i) This specification should be precise and unambiguous. 

                                       Lex specification file                                   lex.yy.c 

 

                                         x.l                                                          Lexical Analyzer Program 

 

                                     lex.yy.c                                                     a.out [Executable Program] 

 

                   Input                                                                            Stream of Tokens                      

                 Strings from source program 

       LEX            

Compiler 

C Compiler 

     a.out 

            

                      Specification file (x.y)                                                                            y.tab.c and y.tab.h 

 

 

                                          y.tab.c                                                                                     a.out 

 

 

 

                                        Input String                                                                              Output                          

YACC Compiler with      

-d option 

CC The C Compiler 

Executable Program           

a.out 
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(ii) This specification should be in detail covering all the information  

(iii) This specification should be complete. 

 

“u h a spe ifi atio  is alled Co te t Free Gra ar  

 

The context free grammar G is a collection of following things: 

1. V is a set of non-terminals 

2. T is a set of terminals 

3. S is a start symbol 

4. P is a set of production rules. 

Thus G can be represented as G = (V, T, S, P) 

 

 

Derivation and Parse Tree 

Derivation from S means generation of string w from S. For constructing derivation two things are important. 

(i) Choice of non-terminal from several others 

(ii) Choice of rule from production rules for corresponding non-terminal 

 

Let G = (V,T,P,S) be a Context Free Grammar 

The derivation tree is a tree which can be constructed by following properties. 

i) The root has label S. 

ii) E er  erte  a  e deri ed fro  V U T U €  

iii) If there e ists a erte  ) ith hildre  R , R , …. R  the  there should be production A -> R1, R2..Rn 

iv) The leaf nodes are from set T and interior nodes are from set V. 

 

The capabilities of CFG 

Context free grammars are capable of describing most of the syntax of programming language. Suitable 

grammars for terms can often be created using associatively & precedence information. So, context free 

grammar are most valuable in describing nested structures such as balanced parentheses, matching begin-

end's, corresponding if-then-else's & so on. These nested structures cannot be described by regular 

expression. The following grammars the string, which serves the language. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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