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What is a compiler?
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Figure 1.1: A compiler
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Figure 1.2: Running the target program



Interpreter

Another kind of language processing

source prograrn —e

input —=

Interpreter

™ output

Figure 1.3: An interpreter



Hybrid Approaches
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Figure 1.4: A hybrid compiler

e Combine compilation and interpretation (Java bytecode and
virtual machine)

o Java just-in-time compilers.



Producing a machine code
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Figure 1.5: A language-processing system




Phases of a Compiler

@ Analysis or front-end

@ Synthesis or back-end

The symbol table stores information about the entire source
program.

Maps variables into attributes, i.e. type, name, dimension, address,
etc.

This information helps us detecting inconsistencies and misuses
during type checking.



Compilation process
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Figure 1.6: Phases of a compiler



Compilation process
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Figure 1.7: Translation of an assignment statement



Analysis: A Simple Example

Consider the simple Java program:

{
int i; int j; float[100] a; float v; float x;
while ( true ) {
do i = i+1; while ( a[il < v );
do j = j-1; while ( aljl > v );
if (i >= j ) break;
x = alil; alil = aljl; aljl = x;
}
}

Figure 2.1: A code fragment to be translated



A Simple Example (ctd.)

The compiler front end translates the program into the form:

i=1i+1
tl=a[i]

if t1 < v goto 1
j=3-1
t2=a [ j]

if t2 > v goto 4
ifFalse i >= j goto 9
8&: goto 14

9: x=al[il

10: t3=alj]
11: a[1i] =13
122 aljl=x

13: goto 1
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(=2}
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Figure 2.2: Simplified intermediate code for the program fragment in Fig. 2.1



A Quick Tour

For constructing a compiler front end we need first of all a
e Syntax (specified in BNF).

source Lexical tokens svntax h““}“““‘”“ three-address
Parser Code
program | Analvzer tree . code
Generator
Svmbol
Lable

Figure 2.3: A model of a compiler front end



Lexical Analysis (or Scanning)

Input stings are split into symbol groups representing syntactic
categories, called lexemes.

For each lexeme, the scanner produces as output a token:
(token-name, attribute-value),

@ token-name is the abstract symbol used in the syntax analysis

@ attribute-value points to an entry in the symbol table
containing information for the semantic analysis and code
generation.



Intermediate Code

do-while 1:
2 tl=a[il]
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Figure 2.4: Intermediate code for “do i=i+1; while (ali] <v);”



Syntax Analysis (or Parsing)

Problem: How to derive a given string of terminal from the start
symbol of the grammar.

If the string (token stream) cannot be derived, then the parser
must report syntax errors within the string.

Ii=1i+1
22 tl=a il
30 if t1 < v goto 1

do-while

body >

| /

assign [] v )

/N /N
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Figure 2.4: Intermediate code for “do i=i+1; while (alil <v);”



Parse Trees

Consider the following grammar:

list m=  list + digit

list m=list - digit

list n=  digit

digit = 0[1|2|3|4/5/6/7|8|9

st
list digit
list digit
\
digit
\
9 - 5 + 2

Figure 2.5: Parse tree for 9-5+2 according to the grammar in Example 2.1



Ambiguity

If we do not distinguish between list and digit we get the grammar:

string ::= string + string|string — string|0]1|2|3|4|5/6|7|8]9.

string string
/ ‘ \ / ‘ \
string  + string string - string
/ \ ‘ / ‘ \
string - string 2 9 string  + string
| | \ l
9 5 5 2

Figure 2.6: Two parse trees for 9-5+2



Precedence of Operators

A grammar can be defined so as to reflect different associative
rules. Operators on the same line have the same precedence.

last right
N N
list - digit letler = right
/ \ | / | \
lrsit - digit 2 a letter = right
| | \
digit 5 b letter
| |
9 c

Figure 2.7: Parse trees for left- and right-associative grammars



An (ambiguous) Grammar for Java

stmt = id = expression ;
| if ( expression ) stmt
| if ( eapression ) stmt else stint
|  while ( expression ) stint
| do stmi while ( expression )
| { stmnts }

stints  — stiis st
| e

Figure 2.8: A grammar for a subset of Java statements



Syntax-Directed Translation
Attaching rules to productions in a grammar.
Essential concepts:
@ Attibutes: any quantity associated with a programming
construct.

@ Translation schemes: notations for attaching program
fragments to the productions of a grammar.

Example:
PrODUCTION SEMANTIC RULES
erpr — expry + term | exprad = eapry.t || term.t || '+
erpr — expr) — term | caprt = expr.t || term.t || -’
erpr — term cupr.t = term.t
term — 0 term.t = "0
term — 1 term.t = "1’
term — 9 term.t = "9’

Figure 2.10: Syntax-directed definition for infix to postfix translation



An Annotated Parse Tree

erpr.t = 95-2+

expr.t = 95- + term.t = 2
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Figure 2.9: Attribute values at nodes in a parse tree



Parsing

stmt  —  expr ;
| if ( expr ) stmt
|  for (optexpr ; optexpr ; optexpr) stmt
| other

optexpr — €
| expr

Figure 2.16: A grammar for some statements in C and Java

stint

-

for -{-( optexpr ; oplexpr ;  oplexpr ) st

€ expr expr other

Figure 2.17: A parse tree according to the grammar in Fig. 2.16



Top-down Parsing

PARSE stimt
IREE
(a)
INPUT for ( H expr ; expr ) other
PARSE
IREE
for (  optexpr ; optexpr ;  optexpr ) " stmt
(b)
INPUT for ( H expr ;  expr ) other
PARSE
IREE
for ( optexpr 5  optexpr ;  optexpr ) " stmt
(c)

INPUT for ( 5 expr ;  expr ) other
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