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Abstract 

 
A compiler is a program (or set of programs) that transforms source code written in a programming 

language (the source language) into another computer language (Machine language). In this paper, we will 

describe about compiler, history of compilers, how compiler works and various phases of compiler. The 

compiler derives its name from the way it works, it looks at the entire source code and collects and reorganize 

the instructions. Thus, a compiler differs from an interpreter, which executes each line of source code in 

succession, without looking at the entire program. The advantage of compiler is that, the programs produced by 

compilers runs much faster than the same programs executed by an interpreter. Every high-level programming 

language (except strictly interpretive languages) comes with a compiler. In fact, the compiler is the language, 

because it defines which instructions are acceptable. 

1. Introduction 

 
Compiler: A program that reads a program written in one language (the source program) and translates it into 

an equivalent program in another language (the target program). 

An important part of any compiler is the detection and reporting of errors. Commonly, the source language is a 

high-level programming language (i.e. a problem-oriented language), and the target language is a machine 

language or assembly language (i.e. a machine-oriented language). Thus compilation is a fundamental concept 

in the production of software: it is the link between the (abstract) world of application development and the low-

level world of application execution on machines. 

2. History of Compiler 

Towards the end of the 1950s, machine-independent programming languages were first proposed. Subsequently, 

several experimental compilers were developed. The first compiler was written by Grace Hopper, in 1952, for 

the A-0 programming language. The FORTRAN team led by John Backus at IBM is generally credited as 

having introduced the first complete compiler in 1957. COBOL was an early language to be compiled on 

multiple architectures, in 1960. Early compilers were written in assembly language. The first self-hosting 

compiler — capable of compiling its own source code in a high-level language — was created for Lisp by Tim 
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Hart and Mike Levin at MIT in 1962. Since the 1970s it has become common practice to implement a compiler 

in the language it compiles, although both Pascal and C have been popular choices for implementation language. 

Building a self-hosting compiler is a bootstrapping problem—the first such compiler for a language must be 

compiled either by hand or by a compiler written in a different language, or (as in Hart and Levin's Lisp 

compiler) compiled by running the compiler in an interpreter. 

 

 

3. The Phases of Compiler  

 
A compiler operates in many phases and each of the phase changes the representation of source code from one 

form to another. The process of compilation is split up into six phases, each of which interacts with a symbol 

table manager and an error handler. This is called the analysis/synthesis model of compilation. There are many 

variants on this model, but the essential elements are the same. 

 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 10, October 2014, Pg. 533-538 

Bharat Malhotra, IJRIT  535 

3.1 Lexical Analysis 
 

It is the initial phase of compiler, sometimes called as Scanner. Basically, it reads a stream of characters and 

breaks it up into tokens (groups of characters having some relation among them). Each token represents a 

sequence of characters treated as one entity, i.e. they are the smallest program units that are individually 

meaningful. Token sequence represents almost all the important information from the input program required by 

the syntax analyser. 

  

For Example: 

 

In lexical analysis the characters in the assignment statement 

 

position := initial + rate * 60 

 

would be grouped into the following tokens: 

 

 

Type of the token Value of the token 

identifier position 

the assignment symbol := 

identifier initial 

the plus sign + 

identifier rate 

the multiplication sign * 

numbers 60 

 

 

3.2 Syntax Analysis  
 

It is also called Parser. The parser receives the tokens from the lexical analyzer and checks if they arrive in the 

correct order. It involves grouping of tokens from the lexical analysis phase into phrases each with an associated 

phrase type. The job of the parser is to recover the hierarchical structure of the program from the stream of 

tokens received from the lexical analyzer. The output of the parser depends on the implementation of the 

compiler: usually tree. 

 

Parse tree: describes the syntactic structure of the input. 

 
Syntax tree: a compressed (and more common) representation of the parse tree in which the operators appear as 

the interior node and the operands of an operator are the children of the node 
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3.3 Semantic Analysis 
 

It checks the source program for semantic errors and gathers type information for the subsequent code 

generation phrase and uses the syntax analysis phase to identify the operators and operands of the expressions 

and statements. Its purpose is to determine if the input has a well-defined meaning; in practice semantic 

analysers are mainly concerned with type checking and type coercion rules. 

 

3.4 Symbol Table Manager 

 
A symbol table is a data structure containing all the identifiers (i.e. names of variables, procedures etc.) of a 

source program together with all the attributes of each identifier. 

 

 For variables, typical attributes include: 

 

• its type, 

• how much memory it occupies, 

• its scope. 

 

 For procedures and functions, typical attributes include: 

 

• the number and type of each argument (if any), 

• the method of passing each argument, and 

• the type of value returned (if any). 

 

The purpose of the symbol table is to provide quick and uniform access to identifier attributes throughout the 

compilation process. Information is usually put into the symbol table during the lexical analysis and/or syntax 

analysis phases. 

 

3.5 Error Handler 
 

Each of the six phases (but mainly the analysis phases) of a compiler can encounter errors. On detecting an error 

the compiler must: 

 

• reports the error in a helpful way, 

• corrects the error if possible, and 

• continue processing (if possible) after the error to look for further errors. 

 

3.6 Intermediate Code Generation 

 
After the analysis phases of the compiler have been completed, a source program has been decomposed into a 

symbol table and a parse tree both of which may have been modified by the semantic analyser. From this 

information we begin the process of generating object code according to either of two approaches: 

 

(1) generate code for a specific machine, or 
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(2) generate code for a ‘general’ or abstract machine, then use further translators to turn the abstract code into 

code for specific machines. 

 

Approach (2) is more modular and efficient provided the abstract machine language is simple enough to: 

 

(a) produce and analyse (in the optimisation phase), and 

(b) easily translated into the required language(s). 

 

One of the most widely used intermediate languages is Three-Address Code (TAC). 

 

3.7 Code Optimization 

 

An optimiser attempts to improve the time and space requirements of a program. There are 

many ways in which code can be optimised, but most are expensive in terms of time and space to implement. 

 

Some optimizations are trivial. Example: The intermediate code 

 

temp1 := inttoreal(60) 

temp2 := id3 * temp1 

temp3 := id2 + temp2 

id1 := temp3 

 

can be performed by using two instructions: 

 

temp1 := id3 * 60.0 

id1 := id2 + temp1 

 

One of the biggest advantages of Code Optimization is that, it improves the running time of the target program 

without slowing down compilation too much. 

 

 

3.8 Code Generation 
 

It is the final phase of the compiler and generates a target code (in general, machine code or assembly code) for 

a specific machine. 

 

In this phase we consider: 

 

• memory management, 

• register assignment and 

• machine-specific optimisation. 

 

Code Generation Example: 
 

Translation of the intermediate code 

 

temp1 := id3 * 60.0 

id1 := id2 + temp1 

 

into some machine code: 

 

MOVF id3, R2 

MULF #60.0, R2 

MOVF id2, R1 

ADDF R2, R1 

MOVF R1, id1  

 

where: 

 

• The first and the second operands of each instruction specify a source and a destination, respectively 
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• The F in each instruction tells us that the instruction deals with floating-points numbers 

• The # indicates that 60.0 is to be treated as a constant 

• Registers 1 and 2 are used 

 

 

4. Applications of compiler techniques 

 
• Compiler technology is useful for a more general class of applications 

• Many programs share the basic properties of compilers: they read textual input, organise it into a 

hierarchical structure and then process the structure 

• An understanding how programming language compilers are designed and organized can make it easier 

to implement these compiler like applications as well 

• More importantly, tools designed for compiler writing such as lexical analyzer generators and parser 

generators can make it vastly easier to implement such applications 

 

Thus, compiler techniques - An important knowledge for computer science Engineers 

 

Examples: 

 

• Document processing: Latex, HTML, XML 

• User interfaces: interactive applications, file systems, databases 

• Natural language treatment 
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