Compiler Theory

Introduction




Compilers

Compilation

o Translation of a program written in a source
language into a semantically equivalent
program written in a target language

Input

Source R Comyalion Target
Program Program
Error messages Output
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" What is a Compiler?

» Example of tasks of compiler

1. Add two numbers

2. Move numbers from one location to
another

3. Move information between CPU and
memory
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Use the Compiler Techniques

Programming Languages (C. C++...)
Scripts (Javascript. bash)

Edlitors (syntax highlighting)

Pretty printers (e.g. Doxygen)

Static checkers (e.g. Lint and Splint)
Text formatters (e.g. TeX and LaTeX)
Silicon compilers (e.qg. VHDL)

Query compilers (Databases)
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‘ A Language-Processing System

Source Code (.c, .cpp, .h]l
Preprocessing  Step 1: Preprocessor (cpp)
Include Header, Expand Macro (.1, .ii}ll
Compilation Step 2: Compiler (gcc, g++)
Assembly Code [.5}|l
Assemble Step 3: Assembler (as)
Machine Code (.o, .Dhj]l
Static Library (.11b, .a)— Linking Step 4: Linker (1d)
Executable Machine Code (.E]{E]l
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‘ Compiler

Compiler

High Level Language>
/
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character stream

|

Lexical Analyzer

A 4

Syntax Analyzer

\ 4

Semantic Analyzer

A 4

Symbol

Intermediate Code Generator

Table

v

Machine-Independent
Code Optimizer

\ 4

Code Generator

A 4

Machine-Dependent
Code Optimizer
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target-machine code
Orban

Phases of a

Compiler

token stream

syntax tree
modified syntax tree

Intermediate representation

iIntermediate representation

target-machine code

Optimized target-machine code
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The Structure of a Compiler

= Compiler maps a source program Into a
semantically equivalent target program.

= There are two parts to this mapping: analysis and
synthesis.

Target

program

Source
program

Analysis synthesis

The Compiler Structure
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The Analysis-Synthesis Model of
Compilation

= There are two parts to

a Analysis determines the operations implied by
the source program which are recorded in a
tree structure

o Synthesis takes the tree structure and
(ranslates the operations therein into the
target program
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‘Grouping of Phases into Passes

Source Program

Lexical Analyzer

Front End I Syntnalyzer
 Machine independent. ;
« Analyses the source ' \ Error
program. Table Semantic Analyzer '\ Handler
* Produces manager

intermediate code Intermediate Code Generator

Code Optimizer
Back End I iye

* machine dependent . Code Generator ! J

« Synthesis the target — > " -— .
program from Target Program
intermediate code.
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‘ Lexical Analyzer

Source Program r—\

Lexical Analyzer > Tokenization

v

Syntax Analyzer

> Remove whitespaces

Error
yzer Handler .
T «- > Remove comment lines
manager
—_— Intermediate Code Generator

> Uses Regular expression to
Code Optimizer identify tokens

¥

Code Generator .i

Target Program
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Lexical Analyzer
g r\ source code:

Lexical Analyzer

v

Syntax Analyzer

ol m
Table :

‘\
Manager

x=a+b¥c /thisisdemo

Intermediate Code Generator Stream Of tokens a f ter
removing whitespace an
Code Optimizer comment:

G 1> ¢=> €. > <8 0D ¢ G

¥

Code Generator N

4

Target Program
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‘ Syntax Analyzer

Source Program

LexiclAndlyz > Takes tokens and converts
4 Into parse tree

Syntax Analyzer

> Uses context free grammar
Sy';b(" Semantic Analyzer Handler -
rTnaangger *‘. to make parse tree
— Intermediate Code Generator

> Grammars are productions
Cae Opinizer or rules which define the
h 4 programming language

Code Generator 'i

Target Program
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‘Syntax Analyzer (Parser)

Source Program ’\

Lexical Analyz: <id,1> <= <id’2> <D <id,3> <D <id,4>

Syntax Analyzer
Table \ Semantic Analyzer /\
manager o
Intermediate Code Generator <id, 1> +
Code Optimizer <id.2> *
4

¥

Code Generator |

T

<id,3> <id,4>

Target Program
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‘Semantic Analyzer

Source Program

Lexical Analyzer

v

> Takes parse tree and verifies it
Syntax Analyzs

A semantically.
Error
Symbol : _
Tl \ Semantic Analyzer Handler > S CO p e reso ] ution
manager
— Intermediate Code Generator

Code Optinize > Array bound checking

¥

> Type checking

Code Generator 'i

Target Program
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‘ Semantic Analyzer - @

<id, 1>  +
Source Program T
| L <id, 2> *

LeicalAnalzer T~

Q <id,3> <id,64>

Syntax Analyze Exa m p ]. e :
\ 4

Semantic Analyzer

Symbol
Tale
manager

INT A=“HELLO”

Intermediate Code Generator

This statement will not issue an error
C°d°’""” in lexical and syntax phase but a

Cte Gerertr | type mismatch error in semantic
Target‘{;rogram P hase.
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‘ Intermediate Code Generator

Source Program

Lexical Rhalyzer
@ SEMANTICALLY VERIFIED PARSE TREE

Syntax Analv-r
‘ Error T1=B*C
Symbol Seman Analyzer Handler T2=T1+A

Table
X=T12

\\
Manager

Intermediate Code Generator

Various types of intermediate code may
Code Optimizer
3 be generated but most commonly 3
G e address code is generated
§ The code generated is machin
independent.

Target Program

Two for operands

and one for result
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‘Code Optimizer
Intermediate Code

Source Program

Lexical Analyzer

Syntax Analyze
Syl ’—, ‘ Error
Semanti:  dyzer Handle
Table \ ; i
manager
Intermediat ~ Generator

= It is machine dependent.

;2 It reduces the number of lines.
8 It improves the intermediate code to
faster running machine code.

Target Program
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‘Target Code Generation
ntermediate Code

Source Program

Lexical Analyzer

Iy Relocatable T1=B*C
Spiax g ‘cr\ Machine Code T2=T1+A
n ) N \FH muRORL  X=T2

add R1, R2

Table ‘
manager -
Interm’ Code Generator
mov R2, X {_Output

"/ Relocatable machine code is generated.
“¥=4 Intermediate instruction is converted to

sequence of assembly code.

Target Program
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'Symbol Table

will > To store the names of all entities in

Lexica Aalzer a structured form at one place.

\ 4 > To verify if a variable
ik has been declared. /gynbol Table'

Error

mzol ATJ'CAMWA Handler ) scopes
o «. > To implement type | symbols
— Intermediate Code Generator checking. attributes
Create
LUUEY /> To determine the scope of a | AddSymbol
O . GetAttributes
CodeGenerator name (SCOpe l"eSOIUtIOI'\) ()wus e
Target Program C'ows;opt
Destro
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‘Error Handler

Source Program

Lexical Analyzer

> Lexical: name of some identifier
i typed incorrectly.
Syntax Analyzer

y Syntactical: missing semicolon
Error .
e Semanic rdlyzer w or unbalanced parenthesis.
manager g * - : . B :
Intermediate Code Generator > S emantical: incom P atible

***** value assignment.

Code Optimizer .
3 » Logical: code not reachable,

Code Generator ,i infinite |00p.

Target Program
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Example

character stream position = initial + rate * 60
v

Lexical Analyzer

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

A 4

Syntax Analyzer

T~
<id, 1> +
/\
<id,2> *

/\
<id, 3> 60

/\
<id, 1> +
A\ 4 /\
Semantic Analyzer <id, 2> *
/\
<id, 3> inttofloat

|
60
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Intermediate Code Generator

\ 4

tl = inttofloat (60)
t2 = id3 * t1

t3 = id2 + t2

idl = t3

Machine-Independent
Code Optimizer

\ 4

tl = id3 * 60.0
idl = id2 + t1

Code Generator

1 |position

2 initial

3 rate

SYMBOL TABLE

Modified by Dr. R. Orban

LDF R2, id3

MULF R2, R2, #60.0
LDF R1, id2

ADDF R1, R1l, R2
STF idl, R1
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‘ Example

= For the following Java input string:

Input

a=J;
h = 4;

]

orintln (a*b);

= Show the output of :
= a Java native code compiler.
= An Interpreter.
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COutpaat
12
B 3’ Out T
utpu
b - 41 Mowv a,=’3"
println (a*b); Mov b,=’4"
L.od r1 L8

Push Tmp
Mul r1,b
Sto rl1, T'mp
Call Write

25
Created by Dr. R. Orban



