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Syntax Analysis
(Parsing)

1. Uses Regular Expressions to define tokens
2. Uses Finite Automata to recognize tokens

h F next token
nextehel  exjcal Syntax
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gec'h”aer"] y get next Y
token
Source
Program symbol
table

(Contains a record
for each identifier)

Uses Top-down parsing or Bottom-up parsing
To construct a Parse tree
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Shift reduce parser

Shift reduce parser

1. Construct the action-goto table from the given grammar

1. Construct the action-goto table from the given grammar

2. Apply the shift-reduce parsing algorithm to construct the parse tree

This is what make difference between different typs
of shift reduce parsing such as SLR, CLR, LALR

In this course due to short of time we will not study
how to construct the action-goto table

Shift reduce parser

2. Apply the shift-reduce parsing algorithm to construct the parse tree

The following algorithm shows how we can construct the move parsing table for an input
string w$ with respect to a given grammar G.

end

set ip to point to the first symbol of the input string w$
repeat forever
begin

if 1t-il

= shift(s) then begin
push current-input(ip) then s on top of the stack
advance ip to the next input symbol
end
else if acti current-i
begin
pop 2*|B| symbols off the stack;
push A then goto[top(stack), A] on top of the stack;
output the production A > B
end
else if acti urrent-i
return

=reduce A > B then

= accept then

else error()

LR Parser Example

Can be parsed with this act

The following grammar: and goto table

ion

(1)E —E+T - .
_ e action oto
g;'IE'aTFF P T e e L L
S
@“HT —-F 1 6 acc
(5)F —(E) 2 2 [s7 73 )
(6)F —id 3 4 | r4 4 | r4
4 s5 s4 8[2]3
5 6| 6 6 6
s represents shift s S§ = 9 130
S. s
r represents reduce 8 S sit
acc represents accept o e a1
11 5115 r5 )

empty represents error

GRAMMAR:

Parser Example

OUTPUT.

State action oto
id [+ [ *[ (] ) [ s [E[T[F
s5 s4 213
s6 acc
r2 | s7 r2 r2
4 | r4 4 | 4
s5 s4 823
6| r6 6 6
s5 s4 93
7 s5 s4 10
8 s6 si1
9 rl | s7 rl rl
10 3| r3 r3 3
11 515 ] 5

GRAMMAR:

OUTPUT:
STACK LR Parsing
Program
State action oto
d[+[*[ (][ $ [E[T[F F
s5 s4 12|13
s6 acc
2| 7 n id
4| r4 4 | r4
s5 s4 8|2|3
6 | 6 6 6
s5 s4 9|3
7 [s5 s4 10
8 6 si1
9 rl | s7 rl ri
10 B3 3 | 3
11 5[5 5 | r5




GRAMMAR:

OUTPUT:
o
[¢ T F F
0 [s5 s4 2[3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 r4 r4
4 [s5 s4 8[2]3
6 | 16 6 6
s5 s4 93
S5 s4 10
6 si1
1| s7 [
10 3| r3 r3 3
11 r5 | r5 r5 r5
GRAMMAR:
(E -E+T
oe-1 | Parser Example
Eiﬂ =T'F OUTPUT:
(B)F &(E)
(6)F —i INPUT. m mmn
) LR Parsing
STACK: n
4 T
State action oto |
id [ + [ * ) [ $ [EIT[F F
0 [s5 s4 2[3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 r4 r4
4 [s5 s4 8[2]3
6 | 16 6 6
s5 s4 93
S5 s4 10
6 si1
1| s7 [
10 3] r3 r3 3
11 5| r5 r5 r5
GRAMMAR:
(1)E =E+T
we-1  |Parser Example
B)T =-T*F .
4T =F OUTPUT.
(B)F —(E)
6)F —id
STACK: LR Parsing
Program
g T
State action oto |
d[+[*]([) $ |E|T[F F
5 s4 2[3 |
s6 acc id
r2 | s7 r2 r2
r4 | r4 4 | r4
s5 s4 823
6| r6 6 6
s5 s4 93
7 _[s5 s4 10
8 s6 si1
9 rl | s7 rl rl
10 3| r3 r3 3
11 5[5 5[5

GRAMMAR:
(ME —E+T
oe-1 | Parser Example
B)T =-T*F y
4)T —-F OUTPUT:
(B5)F —(E)
(6)F —id
STACK: LR Parsing |
Program
U ;
State action oto |
id [+ [ * [ ( $ [E[T[F F
0 [s5 s4 2[3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 4 r4
4 [s5 s4 8[2[3
16 [ 16 | 16
s5 s4 9|3
s5 s4 10
6 it
1 [s7 1| 1
10 r3|r3 r3 3
11 r5 | rS r5 5
GRAMMAR:
(ME —E+T
oe-1 | Parser Example
@)T =T*F y
4)T —-F OUTPUT:
(5)F = (E)
(6)F —id
STACK LR Parsing
Program
113 T
State action oto |
id [ + ] * $ [E[T[F F
0 [s5 s4 2[3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 4 r4
4 [s5 s4 8[2[3
16 [ 16 | 16
s5 s4 9|3
s5 s4 10
6 it
1 [s7 1| 1
10 3| r3 r3 3
11 5| rS r5 5
GRAMMAR:
(ME —-E+T
oe-1  |Parser Example
3)T =-T*F .
4)T —>F OUTPUT:
(B)F —(E)
(6)F —id
STACK: USRS ——-
Program
ﬂ T F
State action oto | |
d[+[*[(][) $ [E[T[F F id
s5 s4 2[3 |
s6 acc id
2 [s7 2 | 2
4 |4 4 | r4
s5 s4 8|2|3
6| r6 6 6
s5 s4 9|3
7 [s5 s4 10
8 6 i1
9 rl | s7 rl ri
10 B33 B | 3
11 5 15 5 | 5




GRAMMAR:

(1)E =E+T

oe-1 | Parser Example
@I T°F OUTPUT:
@T >F :
OF ~ia || meur[Eals o Elw]s]
(6)F —id :
. LR Parsing
4 T F
State action oto | |
d[+]* ][ (] ) s [E[T[F F id
0 [s5 s4 2[3 |
1 6 .
2 GAK RN id
3 4| r4 r4 r4
4 s5 s4 8[2]3
6] 6 % | 6
s5 s4 9|3
s5 s 10
6 si1
rl| s7 rl r
10 3| r3 3 r3
11 r5 | r5 5 r5
GRAMMAR:
(1)E —E+T
ee-1 | Parser Example
G =T F OUTPUT:
@T «\(F\E\ :
5)F —
GF W mpur [ [+ [o Ml a[s]
. LR Parsing
4 T *x F
State action oto | |
d[+]* ][ (] ) s [E[T|F F id
0 [s5 s4 2[3 |
1 6 .
2 GAK RN id
3 4| r4 r4 r4
4 s5 s4 8[2]3
6] 6 6 | 6
s5 s4 9|3
s5 s 10
6 si1
rl| s7 rl r
10 3| r3 r3 3
11 r5 | r5 5 r5
GRAMMAR:
(ME —-E+T
oe-1 | Parser Example
(3)TA—=T*F .
@T E OUTPUT:
5)F =
O F ] eur [ [+ o a5
E
STACK: LR Parsing 'Il'
) Program
VAN
B T *= F
State action oto | |
id[+ [ *[( ) $ [E|T[F F id
S5 s4 2[3 |
6 .
AN RN id
4| r4 r4 r4
s5 s4 8|2|3
6 | 16 6 6
S5 s4 9|3
7 S5 s4 10
8 % ST
9 rl|s7 ri rl
10 33 35
11 5115 r5 )

GRAMMAR:
(E =E+T
eoe-1 | Parser Example
@) =171 OUTPUT.
@)T —F -
5)F = (E
GFZE | weur el Tu Ml ]
STACK: LR Parsing —_ T
Program / | \
] e
State action oto | |
id [+ [ * ] ( $ |E[T[F F id
0 [s5 s4 2[3 |
1 6 .
2 o2 57 7l id
3 4 | r4 4 r4
4 [s5 4 8[2[3
% | 16 6 | 16
s5 s4 9|3
s5 s4 10
6 sil
1 s7 |l
10 3| r3 r3 r3
11 5| r5 r5 5
GRAMMAR:
(ME —E+T
oe-1 | Parser Example
BT OUTPUT:
4T —F :
(5)F = (E)
6)F —id
: I
STACK: LE{:;:im"g T
71N
Lo | 1 % F
State action oto | |
id [+ [ * ] ( $ |E[T|F F id
0 [s5 s4 2[3 |
1 6 .
2 s 7l id
3 r4 | r4 4 r4
4 [s5 4 8[2[3
6 | 16 6 | 16
s5 s4 9|3
s5 s4 10
6 sil
sz |l
10 3| r3 r3 3
11 r5 | 1S r5 5
GRAMMAR:
(ME =E+T
oe-1  |Parser Example
()T -T*F )
@) OUTPUT:
(5)
(6)
E
|
T
/1IN
T = F
State action oto | |
d[+[*[(][) $ [E[T[F F id
s5 s4 2[3 |
6 .
o [ LI id
4 | 4 4 | r4
s5 s4 8|2]3
6 | 6 6 6
s5 s4 9|3
7 _|s5 s4 10
8 6 si1
9 rl | s7 rl ri
10 33 B | 3
11 515 5 | 15




GRAMMAR:

(1E —E+T
oe-1 | Parser Example
@I T°F OUTPUT:
4)T —F :
(8)F = (E)
(6)F —id
E
STACK LR Parsing 'Il'
Program
71N
ﬂ T * F
State action oto | |
id[+[*[ ([ ) [$ [E[T[F F id
0 [s5 s4 1]2[3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 r4 r4
4 [s5 s4 8[2[3
6 | 16 % | 16
s5 s4 9|3
S5 4 10
6 si1
9 1| s7 1 | L
10 3| r3 3 r3
11 r5 | r5 5 r5
GRAMMAR:
(1E —E+T
oe-1 | Parser Example
@I T°F OUTPUT:
4)T >F :
(5)F —(E) .
(6)F —id INPUT: [[id [ [ia [ + [id ]
I
. LR Parsing
Program
EX i ZIN
T * F id
State action oto | |
id[+[*[ ([ ) [ s [E[T[F F id
0 [s5 s4 1]2[3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 r4 r4
4 [s5 s4 8[2[3
6 | 16 % | 16
S5 s4 9|3
S5 4 10
6 11
1| s7 | L
10 3| r3 r3 3
11 r5 | r5 5 r5
GRAMMAR:
(E —E+T
oe-1 | Parser Example
BT >T°F OUTPUT.
4T —F :
5)F E
o F S| pur [ = [+ [id]
E T
STACK: LR Parsing 'Il' 'l
) Program
ZIN
@ T * F id
State action oto | |
id[+[*T(C[) [s$ [E[T[F F id
S5 s4 1]2]3 |
6 .
AN RN id
4 | r4 4 | r4
s5 s4 8|2|3
6 | 16 6 6
S5 s4 9|3
7 _|s5 s4 10
8 6 siL
9 rl|s7 ri rl
10 3|3 B3 | 3
11 5| 15 5 | 15

GRAMMAR:
(ME —E+T
oe-1 | Parser Example
@y -T°F OUTPUT:
4)T -F :
(B)F = (E)
(6)F —id
E
LR Parsing | ———~ |
Program /-lr\ T
ﬂ T * F id
State action oto
I I
id[+ [ *[ ([ ) [ $ [E[T[F F id
0 [s5 s4 1]2]3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 r4 r4
4 [s5 s4 8[2[3
16 | 16 6 | 16
s5 s4 9|3
s5 s4 10
6 it
9 1 [s7 il | 1
10 33 B[ 3
11 5| rS r5 5
GRAMMAR:
(ME —E+T
oe-1 | Parser Example
AT ~T°F OUTPUT:
4)T —>F :
(5)F —(E)
(6)F —id
E T
LR Parsing | ———~ | |
Program /-lr\ T
ﬂ T * F id
State action oto | |
id[+ [ *[ (] ) [ $ [E[T[F F id
0 [s5 s4 1]2]3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 r4 r4
4 [s5 s4 8[2[3
16 [ 16 | 16
s5 s4 9|3
s5 s4 10
6 it
1 [s7 il | 1
10 33 B [ 3
11 5| rS r5 5
GRAMMAR:
(1)E -E+T
oe-1 | Parser Example
QT ~T°F OUTPUT:
4T —F :
(6)F —(E) E
6)F —id / | \
E + T
STACK LE Parsing — 'Il' ’!_
rogram /1IN |
ﬂ T *» F id
State action oto | |
d[+[*[(][) $ [E[T[F F id
s5 s4 1]2]3 |
6 .
o T Tl id
4 | 4 4 | 4
s5 s4 8|2]3
6 | 6 6 6
s5 s4 9|3
7 [s5 s4 10
8 6 i1
9 rl | s7 rl ri
10 B33 B | 3
11 5|15 5 | 5




GRAMMAR:

GRAMMAR:

e-1 _|Parser Example

(1E —E+T
e+t | Parser Example
(B)T AT*F §
#T > OUTPUT:
(B)F —( E
(6)F —id INPUT: [[id [ * Jid [ + [id | 71N\
E + T
LR Parsing 'Il' l
Program
ZIN
T * F id
State action oto | |
id[+ [ *[ ([ ) [$ |E[T[F F id
5 s4 i[2[3 |
6 .
GAK RN id
r4 | r4 r4 r4
4 |s5 s4 81213
6 | 16 % | 16
s5 s4 9|3
S5 4 10
s6 s11
1| s7 1 | L
10 3| r3 3 r3
11 r5 | r5 5 r5

Constructing Parsing
Tables

All LR parsers use the same parsing program that
we demonstrated in the previous slides.

What differentiates the LR parsers are the action
and the goto tables:

Simple LR (SLR): succeeds for the fewest grammars, but is the
easiest to implement.

Canonical LR: succeeds for the most grammars, but is the hardest
to implement. It splits states when necessary to prevent reductions
that would get the parser stuck.

Lookahead LR (LALR): succeeds for most common syntactic
constructions used in programming languages, but produces
LR tables much smaller than canonical LR.

How parser works?

Shift-reduce Parsing

LL(k) Parsing LR(k) Parsing

| How to write parser?

T—>F OUTPUT:
F —(E) E
F —id / I\
E + T
LR Parsing | |
Jo
ﬁ T * id
State action oto | |
id[+[*[ ([ ) [s [E[T[F F id
0 [s5 s4 1]2]3 |
1 s6 acc id
2 r2 | s7 r2 r2
3 r4 | r4 4 r4
4 |s5 s4 82]3
6 [ 6 6 | 16
s5 s4 9|3
s5 s4 10
s6 sii
sz 1|
10 3| r3 r3 3
11 5| rS r5 5
Non-ambiguous CFG
CLR(1) —
LALR(1) A
SIR(D)
(]
(]
AN /
[ ]
1. Uses Regular Expressions to define tokens
2. Uses Finite Automata to recognize tokens
E next token
nextehal 4 jexical Syntax
t analyzer analyzer
ge(:hnaerxj Y get next y
token
Source
Program symbol
table

(Contains a record
for each identifier)

Uses Top-down parsing or Bottom-up parsing
To construct a Parse tree




How to write a parser?

Yacc

);’.

lex & yvacc

O’REILLY"




