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CORE COURSE VIII COMPILER DESIGN 

OBJECTIVES: On successful completion of the subject the students should have understood the 

different phases of compiler and needs of the compiler.  

UNIT I Introduction to compilers – Analysis of source program – Phase of compiler – Cousins of 

compilers – Grouping of phases – Simple one pass compiler: overview – Syntax definition 

Lexical analysis: removal of white space and comments – Constants – Recognizing identifiers 

and keywords – Lexical analysis – Role of a lexical analyzer – Input buffering –Specification of 

tokens – Recognition tokens.  

UNIT II Symbol tables: Symbol table entries – List data structures for symbol table – - Hash 

tables – Representation of scope information – Syntax Analysis: Role of parser – Context free 

grammar – Writing a grammar – Top down parsing – Simple bottom up parsing – Shift reducing 

parsing.  

UNIT III Syntax directed definition: Construction of syntax trees – Bottom up evaluation of S-

Attributed definition – L-Attributed definitions – Top down translation - Type checking: Type 

systems – Specifications of simple type checker.  

UNIT IV Run-time environment: Source language issues – Storage organizations – Storage 

allocation strategies - Intermediate code generation: Intermediate languages – Declarations – 

Assignment statements.  

UNIT V Code generation: Issue in design of code generator – The target machine – Runtime 

storage management – Basic clocks and flow graphs - Code optimization: Introduction – 

Principle source of code optimization – Optimization of basic blocks 

 Text Books: 1. AHO, ULLMAN, “COMPILERS, PRINCIPLES AND TECHNIQUES AND 

TOOLS”, PEARSON    EDUCATION – 2001 6TH EDITION. ** 

 

 

 



UNIT I  

Introduction to compilers 

What is a compiler?  

 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.  

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 spot some obvious 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 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.  

 

 

 

 



Phase of compiler 

 The compilation process is a sequence of various phases. Each phase takes input from its 

previous stage, has its own representation of source program, and feeds its output to the next 

phase of the compiler. 

 

 

  

 

 
 

 



Lexical Analysis 

The first phase of scanner works as a text scanner. This phase scans the source code as a stream 

of characters and converts it into meaningful lexemes. Lexical analyzer represents these 

lexemes in the form of tokens as: 

<token-name, attribute-value> 

Syntax Analysis 

 The next phase is called the syntax analysis or parsing. It takes the token produced by 

lexical analysis as input and generates a parse tree (or syntax tree). In this phase, token 

arrangements are checked against the source code grammar, i.e. the parser checks if the 

expression made by the tokens is syntactically correct. 

Semantic Analysis 

 Semantic analysis checks whether the parse tree constructed follows the rules of 

language. For example, assignment of values is between compatible data types, and adding 

string to an integer. Also, the semantic analyzer keeps track of identifiers, their types and 

expressions; whether identifiers are declared before use or not etc. The semantic analyzer 

produces an annotated syntax tree as an output. 

Intermediate Code Generation 

 After semantic analysis the compiler generates an intermediate code of the source code 

for the target machine. It represents a program for some abstract machine. It is in between the 

high-level language and the machine language. This intermediate code should be generated in 

such a way that it makes it easier to be translated into the target machine code. 

Code Optimization 

The next phase does code optimization of the intermediate code. Optimization can be assumed 

as something that removes unnecessary code lines, and arranges the sequence of statements in 

order to speed up the program execution without wasting resources (CPU, memory). 



 

Code Generation 

 In this phase, the code generator takes the optimized representation of the intermediate 

code and maps it to the target machine language. The code generator translates the intermediate 

code into a sequence of (generally) re-locatable machine code. Sequence of instructions of 

machine code performs the task as the intermediate code would do. 

Symbol Table 

 It is a data-structure maintained throughout all the phases of a compiler. All the 

identifier's names along with their types are stored here. The symbol table makes it easier for 

the compiler to quickly search the identifier record and retrieve it. The symbol table is also used 

for scope management. 

Grouping Of The Phases 
Compiler can be grouped into front and back ends: 

  

Front end: analysis (machine independent) 

  

These normally include lexical and syntactic analysis, the creation of the symbol table, 

semantic analysis and the generation of intermediate code. It also includes error handling that 

goes along with each of these phases. 

  

Back end: synthesis (machine dependent) 

  

It includes code optimization phase and code generation along with the necessary error 

handling and symbol table operations. 

  Several phases can be grouped into one single pass and the activities of these phases are 

interleaved during the pass. For example, lexical analysis, syntax analysis, semantic analysis and 

intermediate code generation might be grouped into one pass. 

 

 



 

 

Simple one pass compiler: 

overview 

Compiler passes 

A collection of phases is done only once (single pass) or multiple times (multi pass) 

 ·  Single pass: usually requires everything to be defined before being used in source   program. 

  

·   Multi pass: compiler may have to keep entire program representation in memory. 

         Single pass 

 If we combine or group all the phases of compiler design in a single module known as 

single pass compiler. 
 

 
1. A one pass/single pass compiler is that type of compiler that passes through the part of 

each compilation unit exactly once. 

2. Single pass compiler is faster and smaller than the multi pass compiler. 

3. As a disadvantage of single pass compiler is that it is less efficient in comparison with 

multipass compiler. 

4. Single pass compiler is one that processes the input exactly once, so going directly from 

lexical analysis to code generator, and then going back for the next read. 

Note: Single pass compiler almost never done, early Pascal compiler did this as an introduction. 



 

 

Problems with single pass compiler: 

1. We can not optimize very well due to the context of expressions are limited. 

2. As we can’t backup and process, it again so grammar should be limited or simplified. 

3. Command interpreters such as bash/sh/tcsh can be considered as Single pass compiler, but 

they also execute entry as soon as they are processed. 

Lexical analysis 

Introduction of Lexical Analysis 

Lexical Analysis is the first phase of the compiler also known as a scanner. It converts the High 

level input program into a sequence of Tokens. 

• Lexical Analysis can be implemented with the Deterministic finite Automata. 

• The output is a sequence of tokens that is sent to the parser for syntax analysis 

 

 

  

 

What is a token? 

A lexical token is a sequence of characters that can be treated as a unit in the grammar of the 

programming languages. 

Example of tokens: 



• Type token (id, number, real, . . . ) 

• Punctuation tokens (IF, void, return, . . . ) 

• Alphabetic tokens (keywords) 

Keywords; Examples-for, while, if etc. 

Identifier ; Examples-Variable name, function name, etc. 

Operators; Examples '+', '++', '-' etc. 

Separators; Examples ',' ';' etc 

Example of Non-Tokens: 

• Comments, preprocessor directive, macros, blanks, tabs, newline, etc. 

Lexeme: The sequence of characters matched by a pattern to form 

the corresponding token or a sequence of input characters that comprises a single token is called 

a lexeme. eg- “float”, “abs_zero_Kelvin”, “=”, “-”, “273”, “;” . 

How Lexical Analyzer functions 

1. Tokenization i.e. Dividing the program into valid tokens. 

2. Remove white space characters. 

3. Remove comments. 

4. It also provides help in generating error messages by providing row numbers and column 

numbers. 

A program which performs lexical analysis is termed as a lexical analyzer (lexer), tokenizer or 

scanner. 

Lexical analysis consists of two stages of processing which are as follows: 

• Scanning 

• Tokenization 

Token, Pattern and Lexeme 

Token 

Token is a valid sequence of characters which are given by lexeme. In a programming language, 

• keywords  



• constants  

o operators and 

o punctuations symbols are possible tokens to be identified. 

 

Pattern 

Pattern describes a rule that must be matched by sequence of characters (lexemes) to form a 

token. It can be defined by regular expressions or grammar rules. 

Lexeme 

Lexeme is a sequence of characters that matches the pattern for a token i.e., instance of a 

token. 

(eg.) c=a+b*5; 

                                               Lexemes and tokens 

 Lexemes Tokens 

c identifier 

= assignment symbol 

a identifier 

+ + (addition symbol) 

b identifier 

* * (multiplication symbol) 

5 5 (number) 

 The sequence of tokens produced by lexical analyzer helps the parser in analyzing the syntax of 

programming languages. 



Role of Lexical Analyzer 

                          

Lexical analyzer performs the following tasks: 

• Reads the source program, scans the input characters, group them into lexemes and produce the 

token as output. 

• Enters the identified token into the symbol table. 

Input Buffering in Compiler Design 

The lexical analyzer scans the input from left to right one character at a time. It uses two pointers 

begin ptr(bp) and forward to keep track of the pointer of the input scanned. 

Initially both the pointers point to the first character of the input string as shown 

below 

 

The forward ptr moves ahead to search for end of lexeme. As soon as the blank space is 

encountered, it indicates end of lexeme. In above example as soon as ptr (fp) encounters a blank 

space the lexeme “int” is identified. 

The fp will be moved ahead at white space, when fp encounters white space, it ignore and moves 

ahead. then both the begin ptr(bp) and forward ptr(fp) are set at next token. 



 

1. One Buffer Scheme: 

 
 In this scheme, only one buffer is used to store the input string but the problem with this 

scheme is that if lexeme is very long then it crosses the buffer boundary, to scan rest of the 

lexeme the buffer has to be refilled, that makes overwriting the first of lexeme. 

 

 
 

 

 

2. Two Buffer Scheme: 

 

 To overcome the problem of one buffer scheme, in this method two buffers are used to 

store the input string. the first buffer and second buffer are scanned alternately. when end of 

current buffer is reached the other buffer is filled. the only problem with this method is that 

if length of the lexeme is longer than length of the buffer then scanning input cannot be 

scanned completely. 

Initially both the bp and fp are pointing to the first character of first buffer. Then the fp 

moves towards right in search of end of lexeme. as soon as blank character is recognized, 

the string between bp and fp is identified as corresponding token. to identify, the boundary 

of first buffer end of buffer character should be placed at the end first buffer. 

Similarly end of second buffer is also recognized by the end of buffer mark present at the 

end of second buffer. when fp encounters first eof, then one can recognize end of first buffer 

and hence filling up second buffer is started. in the same way when second eof is obtained 

then it indicates of second buffer. alternatively both the buffers can be filled up until end of 



the input program and stream of tokens is identified. This eof character introduced at the 

end is calling Sentinel which is used to identify the end of buffer. 

 

 

 
 

 

keywords and identifier   
 This technique is almost essential if the lexer is coded by hand. programming language is 

several hundred (using the trick, fewer of a hundred will probably suffice). The technique for 

separating keywords from identifiers consists in initializing appropriately the symbol table in 

which information about identifiers is saved. For instance, we enter the strings if, then and else 

into the symbol table before any characters in the input are seen. When a string is recognized by 

the TD: 1. The symbol table is examined 2. If the lexeme is found there marked as a keyword 

then the string is a keyword else the string is an identifier. 

 

SPECIFICATION OF TOKENS 
There are 3 specifications of tokens: 

1)Strings 

2) Language 

3)Regular expression 

 Strings and Languages 

 

•    An alphabet or character class is a finite set of symbols. 
o A string over an alphabet is a finite sequence of symbols drawn from      that 

alphabet. 

o A language is any countable set of strings over some fixed alphabet. 



In language theory, the terms "sentence" and "word" are often used as 

synonyms for 

  
"String." The length of a string s, usually written |s|, is the number of occurrences of symbols in 

s. For example, banana is a string of length six. The empty string, denoted ε, is the string of 

length zero. 

  

Operations on strings 

The following string-related terms are commonly used: 

  

1. A prefix of string s is any string obtained by removing zero or more symbols from the end of 

string s. For example, ban is a prefix of banana. 

  

2. A suffix of string s is any string obtained by removing zero or more symbols from the 

beginning of s. For example, nana is a suffix of banana. 

  

3. A substring of s is obtained by deleting any prefix and any suffix from s. For example, nan is a 

substring of banana. 

 4.  The proper prefixes, suffixes, and substrings of a string s are those prefixes, suffixes, and 

substrings, respectively of s that are not ε or not equal to s itself. 

5.  A subsequence of s is any string formed by deleting zero or more not necessarily consecutive 

positions of s 

6.  For example, baan is a subsequence of banana. 

  

Operations on languages: 

 

The following are the operations that can be applied to languages: 
1. Union 

2. Concatenation 

3. Kleene closure 

4. Positive closure 

  

The following example shows the operations on strings: Let L={0,1} and S={a,b,c} 

  



 
Regular Expressions 

·                 Each regular expression r denotes a language L(r). 

  

·                 Here are the rules that define the regular expressions over some alphabet Σ and the 

languages that those expressions denote: 

  

1.ε is a regular expression, and L(ε) is { ε }, that is, the language whose sole member is the 

empty string. 

2. If ‘a’ is a symbol in Σ, then ‘a’ is a regular expression, and L(a) = {a}, that is, the language 

with one string, of length one, with ‘a’ in its one position. 

3.Suppose r and s are regular expressions denoting the languages L(r) and L(s). Then, a) (r)|(s) is 

a regular expression denoting the language L(r) U L(s). 

  

b) (r)(s) is a regular expression denoting the language L(r)L(s). c) (r)* is a regular expression 

denoting (L(r))*. 

d) (r) is a regular expression denoting L(r). 

4.The unary operator * has highest precedence and is left associative. 

5.Concatenation has second highest precedence and is left associative. 

6. | has lowest precedence and is left associative. 

  

Regular set 

  

A language that can be defined by a regular expression is called a regular set. If two regular 

expressions r and s denote the same regular set, we say they are equivalent and write r = s. 

  

There are a number of algebraic laws for regular expressions that can be used to manipulate into 

equivalent forms. 

For instance, r|s = s|r is commutative; r|(s|t)=(r|s)|t is associative. 



  

Regular Definitions 

  

Giving names to regular expressions is referred to as a Regular definition. If Σ is an alphabet of 

basic symbols, then a regular definition is a sequence of definitions of the form 

dl → r 1 

d2 → r2 

  

……… 

dn → rn 

1.Each di is a distinct name. 

2.Each ri is a regular expression over the alphabet Σ U {dl, d2,. . . , di-l}. 

  

Example: Identifiers is the set of strings of letters and digits beginning with a letter. Regular 

definition for this set: 

  

letter → A | B | …. | Z | a | b | …. | z | digit → 0 | 1 | …. | 9 

  

id → letter ( letter | digit ) * 

  

Shorthands 

  

Certain constructs occur so frequently in regular expressions that it is convenient to introduce 

notational short hands for them. 

1. One or more instances (+): 

- The unary postfix operator + means “ one or more instances of” . 

  

-  If r is a regular expression that denotes the language L(r), then ( r )+ is a regular expression that 

denotes the language (L (r ))+ 

  

- Thus the regular expression a+ denotes the set of all strings of one or more a’s. 



- The operator + has the same precedence and associativity as the operator *. 

  

2. Zero or one instance ( ?): 

- The unary postfix operator ? means “zero or one instance of”. 

  

- The notation r? is a shorthand for r | ε. 

-  If ‘r’ is a regular expression, then ( r )? is a regular expression that denotes the language 

  

3. Character Classes: 

- The notation [abc] where a, b and c are alphabet symbols denotes the regular expression a | b | 

c. 

- Character class such as [a – z] denotes the regular expression a | b | c | d | ….|z. 

  

- We can describe identifiers as being strings generated by the regular expression, [A–Za–z][A– 

Za–z0–9]* 

  

Non-regular Set 

  

A language which cannot be described by any regular expression is a non-regular set. 

Example: The set of all strings of balanced parentheses and repeating strings cannot be described 

by a regular expression. This set can be specified by a context-free grammar. 

 

RECOGNITION OF TOKENS 

 Consider the following grammar fragment: stmt → if expr then stmt 

  

| if expr then stmt else stmt | ε 

expr → term relop term 

| term 

  

term → id | num 

  



where the terminals if , then, else, relop, id and num generate sets of strings given by the 

following regular definitions: 

  

if → if 

  

then → then 

else → else 

relop → <|<=|=|<>|>|>= 

id → letter(letter|digit)* 

num → digit+ (.digit+)?(E(+|-)?digit+)? 

  

For this language fragment the lexical analyzer will recognize the keywords if, then, else, 

as well as the lexemes denoted by relop, id, and num. To simplify matters, we assume keywords 

are reserved; that is, they cannot be used as identifiers. 

  


