COMPILER DESIGN NOTES
1. Compiler
Definition
A Compiler is a system software that translates a program written in a high-level language into machine language (object code) before execution.
Example
int a = 10;
printf("%d", a);
The compiler converts the above C code into machine code.
Functions of a Compiler
1. Lexical Analysis
2. Syntax Analysis
3. Semantic Analysis
4. Intermediate Code Generation
5. Code Optimization
6. Code Generation
Structure of Compiler
Source Program
      ↓
Lexical Analysis
      ↓
Syntax Analysis
      ↓
Semantic Analysis
      ↓
Intermediate Code Generation
      ↓
Code Optimization
      ↓
Code Generation
      ↓
Target Program
Advantages
· Faster execution.
· Detects errors before execution.
· Produces efficient machine code.

2. Grammar
Definition
A Grammar is a set of rules that specifies the syntactic structure of a programming language.
It defines how valid statements are formed.
Components of Grammar
A grammar is represented as:
[
G = (V, T, P, S)
]
Where:
· V = Set of non-terminals
· T = Set of terminals
· P = Production rules
· S = Start symbol
Example
E → E + T
E → T
T → id
Meaning
Expression can be:
· Expression + Term
· Term
· Identifier
Types of Grammar
1. Regular Grammar
2. Context-Free Grammar (CFG)
3. Context-Sensitive Grammar
4. Unrestricted Grammar
3. Lexical Analysis
Definition
Lexical Analysis is the first phase of a compiler.
It reads source code character by character and converts it into tokens.
The program performing this task is called a Lexical Analyzer or Scanner.
Input and Output
Input
a = b + c;
Output Tokens
id(a)
=
id(b)
+
id(c)
;
Functions
· Removes spaces and comments.
· Identifies keywords.
· Identifies identifiers.
· Generates tokens.
· Maintains symbol table.
Errors Detected
· Invalid identifiers
· Illegal symbols
Example
int @a;
Here '@' is an illegal symbol.
Advantages
· Simplifies syntax analysis.
· Improves compiler efficiency.

4. Syntax Analysis (Parsing)
Definition
Syntax Analysis checks whether the token sequence follows the grammar rules of the language.
It is performed by a Parser.
Input and Output
Input:
id + id * id
Output:
Syntax Tree (Parse Tree)
       E
      /|\
     E + T
     |   |
     T   T
Functions
· Checks grammatical correctness.
· Constructs parse tree.
· Detects syntax errors.
Errors Detected
a = b +
Missing operand after '+'.
Types of Parsing
1. Top-Down Parsing
2. Bottom-Up Parsing

5. Recursive Descent Parsing
Definition
Recursive Descent Parsing is a top-down parsing technique in which each non-terminal is represented by a recursive procedure.
Example Grammar
E → T E'
E' → + T E' | ε
T → id
Procedures
E()
{
   T();
   E'();
}
E'()
{
   if(+)
   {
      match(+);
      T();
      E'();
   }
}
Advantages
· Simple to implement.
· Easy to understand.
Disadvantages
· Cannot handle left recursion directly.
· Backtracking may be required.

6. Operator Precedence Parsing
Definition
Operator Precedence Parsing is a bottom-up parsing technique that uses precedence relations between operators to parse expressions.
Operator Precedence Table
	Operator
	Precedence

	( )
	Highest

	* , /
	High

	+ , -
	Low


Example
Expression:
A + B * C
Since '*' has higher precedence:
A + (B * C)
Relations Used
<  Less precedence
=  Equal precedence
>  Greater precedence
Advantages
· Efficient for arithmetic expressions.
· Simple implementation.
Disadvantages
· Not suitable for all grammars.

7. Intermediate Form (Intermediate Code)
Definition
Intermediate Code is a machine-independent representation generated between source code and machine code.
Purpose
· Makes compiler portable.
· Simplifies optimization.
· Enables code generation for different machines.
Example
Source Code
a = b + c * d;
Three Address Code
t1 = c * d
t2 = b + t1
a = t2
Types
1. Syntax Tree
2. Postfix Notation
3. Three Address Code (TAC)
4. Quadruples
5. Triples

8. Code Generation
Definition
Code Generation is the final phase of a compiler.
It converts intermediate code into machine code.
Example
Intermediate Code
t1 = b + c
Machine Code
MOV R1,b
ADD R1,c
MOV t1,R1
Functions
· Instruction selection.
· Register allocation.
· Address assignment.
· Machine code production.
Characteristics of Good Code Generator
· Correctness
· Efficiency
· Speed
· Compactness

9. Code Optimization
Definition
Code Optimization improves intermediate code to make execution faster and use fewer resources.
Objectives
· Reduce execution time.
· Reduce memory usage.
· Improve efficiency.

A. Machine Independent Optimization
Definition
Optimization performed without considering machine architecture.
Techniques
1. Constant Folding
x = 5 + 10;
Optimized:
x = 15;
2. Constant Propagation
a = 10;
b = a + 5;
Optimized:
b = 10 + 5;
3. Dead Code Elimination
a = 10;
a = 20;
First statement is unnecessary.
4. Common Subexpression Elimination
x = a+b;
y = a+b;
Optimized:
t = a+b;
x = t;
y = t;
Advantages
· Improves performance.
· Independent of hardware.

B. Machine Dependent Optimization
Definition
Optimization based on target machine architecture.
Techniques
1. Register Allocation
Keep frequently used variables in CPU registers.
2. Instruction Scheduling
Rearrange instructions to reduce CPU idle time.
3. Use of Efficient Machine Instructions
Replace multiple instructions with a single efficient instruction.
Advantages
· Better utilization of hardware.
· Faster execution.

Difference Between Machine Independent and Machine Dependent Optimization
	Machine Independent
	Machine Dependent

	Hardware independent
	Hardware dependent

	Performed before code generation
	Performed after code generation

	Works on intermediate code
	Works on machine code

	Portable
	Non-portable



10. Interpreter
Definition
An Interpreter translates and executes a program line by line.
Working
Source Program
       ↓
Interpreter
       ↓
Execution
Example
Python Interpreter executes statements one by one.
a = 5
b = 10
print(a+b)
Advantages
· Easy debugging.
· Immediate execution.
· No object code required.
Disadvantages
· Slower execution.
· Translation occurs every time.

Difference Between Compiler and Interpreter
	Compiler
	Interpreter

	Translates entire program at once
	Translates line by line

	Produces object code
	No object code

	Faster execution
	Slower execution

	Errors reported after compilation
	Errors reported immediately

	Example: C, C++
	Example: Python, JavaScript



Important 2-Mark Questions
1. Define Compiler.
2. What is Grammar?
3. Define Lexical Analysis.
4. What is a Token?
5. Define Syntax Analysis.
6. What is Parsing?
7. Define Recursive Descent Parsing.
8. What is Operator Precedence Parsing?
9. Define Intermediate Code.
10. What is Code Generation?
11. Define Code Optimization.
12. What is an Interpreter?

Important 5-Mark Questions
1. Explain the phases of a compiler.
2. Discuss lexical analysis with an example.
3. Explain syntax analysis and parse tree.
4. Describe recursive descent parsing.
5. Explain operator precedence parsing.
6. Discuss intermediate code generation.
7. Explain machine-independent optimization techniques.
8. Differentiate between compiler and interpreter.

Important 10-Mark Questions
1. Explain all phases of a compiler with a neat diagram.
2. Discuss lexical analysis and syntax analysis in detail.
3. Explain recursive descent parsing and operator precedence parsing with examples.
4. Describe intermediate code generation and code generation.
5. Explain code optimization and compare machine-dependent and machine-independent optimization techniques.
6. Differentiate between compiler and interpreter with suitable examples.

