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1. Lexical analysis
2. Syntactic analysis
3. Code generation or execution
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Syntactic analysis (parsing)
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Aole] & 132 EBNF(Extended Backus-Naur-Form) 3£7]7]% & o] -&3fo] K5 3ol
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GRAMMAR ELEMENT := list of grammar elements

| alternate list of grammar elements

2 53H AN FASHE 20k Qlolvk lrka a1, 1 BE S FohuES s

expr i= number
expr 't+' expr
expr '-' expr

|

|

| expr '*' expr
| expr '/' expr
|

|

'(' expr ’)l
- expr
number i= digit+ ('.' digit+)?
digit e = IOI | ll’ | '2' | |3| | |4| | |5| | |6| l
’7’ | ’8’ | ’9’

3 7§ €] production rule o] 1 8 AE5E A st Ut

e expr

e number

e digit
olg| £ & 7H Aol & ol &ete] AN S FAE 5 vk expr 2 tHA] 2 74 9]
expr Afol 1 Odé}ﬂii 7191 2 Aol E = 9lar, 7k= ¢l 9= expr ©] % —’F 3L

%]
55 expro] € = 3tk Number & 5454 Aot} o 7] A digit &
9 74A| 9] AHE ofw|staL 9l
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options
{

LOOKAHEAD=2;
}

PARSER BEGIN (Arithmetic)

public class Arithmetic
{
}

PARSER END (Arithmetic)

SKIP
{

| "\r"
| "\t"
}
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TOKEN :
{

< NUMBER: (<DIGIT>)+ ( "." (<DIGIT>)+
| < DIGIT: ["O"-=-"9"] >
}
double expr():
{
1
{

term() ( "+" expr() | "-" expr() )*
}
double term() :
{
}
{

unary () ( "*" term() | "/" term() )*
}
double unary() :
{
}
{

"-" element () | element()
}
double element () :
{
1
{

<NUMBER> | " (" expr() ")"
}

Mg g A

1] Z=E Ay Eohd JavaCColl 8= &
= 9] Option F-#& wHde 2 712 A8
lookahead & 2 2 A A dlt}. U} Option &

221t} o] dk §4-2 JavaCC A=

PARSER_BEGIN &2 Holo] IhA| S o)) Al

JavaCC = Z}7te] sA & 914 OM,] 2pup S s A @;}

Arithmetic 0|81 o] 2 A ¢t} X F& x| ®¥ S A Ao wlo
st A oY AdEL HF —747}6 w2 5o] 9t} 34

PARSER_END %% = #1117 ?l‘jr.
PARSER BEGIN (Arithmetic)

public class Arithmetic
{
}

PARSER END (Arithmetic)
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Yojof g}, of 7| A &= = P = EZo® Ao}, o 7|4 grpA|nt
JavaCC 9| 4| = EBNF ¢} E?A?ﬂ B9 A 9]9} production rule 9] 4
3L gith. SKIP ¥ TOKEN -9l 4] &= Lexical Analysis ¥H& %mfs}ﬂ A

SKIP
{
| n\r"
| "\t"
}
TOKEN:
{
< NUMBER: (<DIGIT>)+ ( "." (<DIGIT>)+ )? >
| < DIGIT: ["O0"-"9"] >

}

the o & top-level © &% 2421 expr 9] production rule & % 9] tg o],

JavaCC ol A expr& A 2|e w EBNF ol X o] & wjo} o] vp&4] F-9] 217 A 7]
Hpeteh A2 EBNF A ol= 23gh 4 o] 9lglth. 5 3 7)9] expression ©f tha] A
EBNF 2 Qo5 st/ ¥ t5o 28& & ?E A= Alelth, o 5 5o] 1+2*3 oj ek
expression & AH B 2}, 19 1 3} o] 142 & expr & Ao staL o] 5o expr¥3 o&
_\LI’_z:siE] e o]r)r

expr
expr
expr expr expr
number number number

1 + 2 D 3

Figure 1. EBNF parse tree of 14+2*3

T 17 2 9 7ol WA 2%3 & expr & A Ea o] Fof| 1+expr = A oE & 9u).
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expr

expr
expr expr expr
humber humber number

1 + 2 D 3

Figure 2. Alternative EBNF parse tree of 1+2*3

JavaCC & o] &8 wliz wh=A] S Washd obs e 2 whsojol drk. AnHoR

expr = expr, term, unary, element % 4 7] 9] production rule 2 ¥ ofrt sk}, A}
o| A 14+2*3 o] ojE A B} =4 BHA},

expr

\
expr
term term
/
unary unary unary
I
number number number
I I I

1 + 2 D 3

Figure 3. Parse tree of 1+2*3

double expr():
{

}
{

term() ( "+" expr() | "-" expr() )*

}
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il

double term() :
{
}
{
unary () ( "*" term() | "/" term() )*

}

double unary() :
{
}
{

"-" element () | element()

}

double element () :
{
1
{
<NUMBER> | " (" expr() ")"
}
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AWM= ghelo) A JavaCC & 2 83t

javacc Arithmetic.jj

Java Compiler Compiler Version 1.1 (Parser Generator)
Copyright (c) 1996-1999 Sun Microsystems, Inc.

Copyright (c) 1997-1999 Metamata, Inc.

(type "javacc" with no arguments for help)

Reading from file Arithmetic.jj

Warning: Lookahead adequacy checking not being performed since
option LOOKAHEAD

is more than 1. Set option FORCE LA CHECK to true to force
checking.

Parser generated with 0 errors and 1 warnings.

JavaCC & A A|71H WA ol H FA7F l=A] AASEaL YA, HFH o2 ofg 79
Java 22 $U 5 S 5o Wit

TokenMgrError.java
ParseException.java
Token.java

ASCII CharStream.java
Arithmetic.java
ArithmeticConstants.java
ArithmeticTokenManager.java

919 SHeES BF ALgste] A7k A EE Aol th Arithmetic A4S 44§02
sS4 E A2 5 glrh,

public class Arithmetic implements ArithmeticConstants
{
public Arithmetic(java.io.InputStream stream) { ... }
public Arithmetic(java.io.Reader stream) { ... }
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public Arithmetic (ArithmeticTokenManager tm) { ... }
static final public double expr () throws ParseException

{ ... 1}

static final public double term() throws ParseException

{ ...}

static final public double unary() throws ParseException

{ ... 1

static final public double element () throws ParseException

{ ...}

static public void RelInit(java.io.InputStream stream)

{ ...}

static public void RelInit(java.io.Reader stream) { ... }
public void ReInit (ArithmeticTokenManager tm) { ... }
static final public Token getNextToken() { ... }

static final public Token getToken (int index) { ... }

static final public ParseException generateParseException ()

{ ...}

static final public void enable tracing() { ... }
static final public void disable tracing() { ... }

}

o] M E A=, oY AAFO SHE AMRSEY o] FHAE A’ ARE hEojok
sko}, A A 2ol A = InputStream ©] Y Reader -+ ArithmeticTokenManager &
sheprE) 2 Agurtt, o] shebE g o] g3l sy sk Egol} 2EYS
HolE 5 9luh.

Arithmetic parser = new Arithmetic(System.in);

parser.expr () ;

L2yt Arithmetic.jj ol A &4 E Aol & 7] wliol #1A= o}ﬂi‘rt 0}-‘?’—7/1

o] @ Holeh ok o7 A A ALE FAse A8 T GRes
YA o ] SN S Elel 4 action & F71a Aok . an
o]zl Calcualtor.jj o= ¢4k ALb7] 755 2% 3}3 J=5
options
{
LOOKAHEAD=2;
}
PARSER BEGIN (Calculator)
public class Calculator
{
public static void main (String args[]) throws

ParseException
{
Calculator parser = new Calculator (System.in);
while (true)
{
parser.parseOnelLine () ;

}
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}

PARSER END (Calculator)

SKIP
{
| "\I"
| "\t"
}
TOKEN:
{
< NUMBER: (<DIGIT>)+ ( "." (<DIGIT>)+ )? >
| < DIGIT: ["Q"="9"] >

| < EOL: "\n" >
1

void parseOnelLine () :

{

double a;
1
{
a=expr () <EOL> { System.out.println(a); }
| <EOL>
| <EOF> { System.exit (-1); }

}

double expr():
{
double a;
double b;

a=term()
(

"+" b=expr ()
| w_mn b=expr()

) *

{ a +=Db; }
{ a b; }
{ return a; }

}

double term() :
{
double a;
double b;

a=unary ()

(

"xt b=term() *

{ a
| "/" b=term() { a /

) *

b; }
b; }

{ return a; }
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}

double unary () :

{

double a;
}
{

"-" a=element () { return -a; }
| a=element () { return a; }

}

double element () :

{
Token t;

double a;

t=<NUMBER>
{ return
Double.parseDouble (t.toString()); }
| "(" a=expr() ")" { return a; }
}
wQl WA= A= HA parser A& A AEA35)sT}, o] A= standard input ol 4]
S Wk B oA parseOneLlne() W A& SE3T}. parseOneline()
2= Elol k5ol 4 Qck. o] W= el Al ks Bkl W dHe wAs
b2 o= AeS 3o}, whek :Lwc HJ TS A 9rdte Aagla, weF end of the flle =
T fobd 22 a3 FEAIZI
void parseOnelLine () :
{
double a;
}
{
a=expr () <EOL> { System.out.println(a); }
| <EOL>
| <EOF> { System.exit(-1); }

T o7|A = dE EHolA o BlHES] &5 double & l®st s WA Y=
SFal o1 7jJJrE 29 Edl® EEFerd et dlsuvid e Aiks sk )l
SEoA 9 845 ARES AT 7 =S local & W] #Hoh A& &9
a—element()L element & At 1 A7E W5 a oﬂ A A3}, o] # 2] o

#A5el s E eaEe] AAS AT AGHHE 52| Action L= A
WEgko] Ay 1 A A d Al ako] =8l E = Aot} Actlons < #AHE Eol 1%

2EQs hYE o A= A 2SS B

JavaCC & o|-§3] dvh} 447 A4b717k wEo] HEA 92 1] vhaeh, o 7]e) ¢
15g Frhhe A Aok,
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