
Compiler Theory 

Introduction 



Compilers 

 Compilation 

 Translation of a program written in a source 

language into a semantically equivalent 

program written in a target language 

 

Compiler 

Error messages 
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Input 
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 What is a Compiler?  

 

1. Add two numbers 

2. Move numbers from one location to 

another 

3. Move information between CPU and 

memory 

 Example of tasks of compiler  
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Use the Compiler Techniques 

 Programming Languages (C、C++…) 

 Scripts (Javascript、bash) 

 Editors (syntax highlighting) 

 Pretty printers (e.g. Doxygen) 

 Static checkers (e.g. Lint and Splint) 

 Text formatters (e.g. TeX and LaTeX) 

 Silicon compilers (e.g. VHDL) 

 Query compilers (Databases) 
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A Language-Processing System 
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Compiler  

6 

Assembly 

Level 

Code 

 

High Level Language 

 

x = a + b * c 
mul R0, R1 

add R1, R2 

mov R2, x 
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Lexical Analyzer 

Syntax Analyzer 

Semantic Analyzer 

Intermediate Code Generator 

Machine-Independent 

Code Optimizer 

Code Generator 

Machine-Dependent 

Code Optimizer 

character stream  

target-machine code 

token stream 

syntax tree  

modified syntax tree 

intermediate representation 

target-machine code  

intermediate representation 

Optimized target-machine code  

Symbol  

Table 

Phases of  a 
Compiler 

7 

Chang Chi-Chung, 2008.02.26 Modified by Dr. R. Orban 



 Compiler maps a source program into a 

semantically equivalent target program. 

 There are two parts to this mapping: analysis and 

synthesis. 
 

 

  

 

 
 

 

 

 

 

 

The Structure of a Compiler 

Source 

program 

Target 

program 

The Compiler Structure 

Compiler 

 

Analysis     synthesis 
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The Analysis-Synthesis Model of 

Compilation 

 There are two parts to compilation: 

 Analysis determines the operations implied by 

the source program which are recorded in a 

tree structure 

 Synthesis takes the tree structure and 

translates the operations therein into the 

target program 
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Grouping of Phases into Passes 

Front End 

Back  End 

• Machine independent. 

• Analyses the source 

program. 

• Produces 

intermediate code 

• machine dependent 

• Synthesis the target 

program from 

intermediate code.  
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Lexical Analyzer 
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Lexical Analyzer Input  
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Output  
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Syntax Analyzer 
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Syntax Analyzer (Parser) 

Input  

= 

<id,1> 

<id,2> 

<id,3> 

+ 

* 

<id,4> 

Output 

Parse 

Tree 
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Semantic Analyzer 
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Semantic Analyzer 
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INT A = “HELLO” 

Output   
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Intermediate Code Generator 
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SEMANTICALLY VERIFIED PARSE TREE 

Input  

Output  T1=B*C 

T2=T1+A 

X=T2 



18 

Code Optimizer 
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T1=B*C 

X=T1+A 
Output  

T1=B*C 

T2=T1+A 

X=T2 

Input  
Intermediate Code 
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Target Code Generation 
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Intermediate Code 

Input  

T1=B*C 

T2=T1+A 

X=T2 

Relocatable 

Machine Code 

mul R0, R1 

add R1, R2 

mov R2, X Output  
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Symbol Table 
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Error Handler 
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character stream  

Lexical Analyzer 

Syntax Analyzer 

Semantic Analyzer 

position = initial + rate * 60 

<id,1> <=> <id,2> <+> <id,3> <*> <60> 

= 

<id,1> 

<id,2> 

<id,3> 

+ 

* 

60 
= 

<id,1> 

<id,2> 

<id,3> 

+ 

* 

inttofloat 

60 
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Intermediate Code Generator 

Machine-Independent 

Code Optimizer 

Code Generator 

t1 = inttofloat(60) 

t2 = id3 * t1 

t3 = id2 + t2 

id1 = t3 

t1 = id3 * 60.0 

id1 = id2 + t1 

LDF R2, id3 

MULF R2, R2, #60.0 

LDF R1, id2 

ADDF R1, R1, R2 

STF id1, R1 

1 position … 

2 initial … 

3 rate … 

SYMBOL TABLE 
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 For the following Java input string: 
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Example  
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 Show the output of : 

 a Java native code compiler. 

 An Interpreter.  



Example  
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