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LL Parsing
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LL(k) Grammars

Subset of CFG’s
Permits deterministic left-to-right recognition with a 
look ahead of k symbols
Builds the parse tree top-down
If the correct production can be deduced from the 
partially constructed tree and the next k symbols in 
the unscanned string, for every possible step, then 
the grammar is said to be LL(k)
If a parse table can be constructed for the 
grammar, then it is LL(k), if it can’t, it is not LL(k)
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Properties of LL(k) Grammars

Each LL(k) grammar is unambiguous
An LL(k) has no left-recursion
– Why?

Problems with LL(k) parsing
– Left recursion
– Order of alternatives in grammar
– Failure
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Removing Recursion

Group A-productions as:
A→Aα1|Aα2|…|Aαm|β1|β2|…|βn

Replace the A-productions by
A→β1A'|β2A'|…|βnA'
A'→α1A'|α2A'|…|αmA'|
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Removing Recursion – Example 1

Z→E

E→T | E+T | E-T

T→F | T∗F | T/F

F→a | (E)

Z→E

E→TE'

E'→+TE‘ | -TE‘ | ε

T→FT'

T'→∗FT‘ | /FT‘ | ε

F→a|(E)
Grammar

Recursion removed
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Removing Recursion – Example 2

S→Aa | b

A→Ac | Sd | e
S→Aa | b

A→Ac | Aad | bd | e

S→Aa | b

A→bdA' | eA'

A'→cA' | adA' | εGrammar Removing recursion

Removing immediate 
recursion
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Left Factoring

Like factoring in mathematics
– Take common parts of productions and form a 

new nonterminal
Allows us to defer, until later, which 
alternative to take
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Order of Alternatives

The order in which alternatives are considered can 
affect the language accepted
The string cabc may not be accepted

S→cAd

A→a | ab

S

c A d

a

Grammar

Parse Tree

CS 5300 - SJAllan 9

Failure

We failure is reported, we have very little 
idea where the error actually occurred
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Deterministic LL(1) Parsers

LL(1) grammars:
– Table size grows exponentially with k
– If the grammar is not LL(1), then it usually is not 

LL(k) for any k
– Like LR parsers, we can parse LL grammars 

using tables
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LL(1) Parsing Algorithm
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LL(1) Parsing - Example
1, E→TE''
2. E''→T'E'‘
3. E''→ε
4. T'→+T
5. T'→-T
6. T→FT''
7. T''→ε
8. T''→F'T''
9. F'→∗F
10. F'→/F
11. F→a
12. F→(E) 1211F

109F'

778877T''

65T

54T'

3322E''

11E

$)(/∗-+a

Input SymbolNonter-
minal

{a*(a+a), E} {(a+a), (E)T''E''} {+a), +TE'')T''E''} {ε, E''}
{a*(a+a), TE''} {a+a), E)T''E''} {a), TE'')T''E''} {ε,ε}
{a*(a+a), FT''E''} {a+a}, TE'')T''E''} {a), FT''E'')T''E''}
{a*(a+a), aT''E''} {a+a), FT''E'')T''E''} {a), aT''E'')T''E''}
{*(a+a), T''E''} {a+a), aT''E'')T''E''} {), T''E'')T''E''}
{*(a+a), F'T''E''} {+a), T''E'')T''E''} {), E'')T''E''}
{*(a+a), *FT''E''} {+a), E'')T''E''} {), )T''E''}
{(a+a), FT''E''} {+a), T'E'')T''E''} {ε, T''E''}
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Selector Table – Example 1

1. S → A$
2. A → B
3. A → C
4. B → aC
5. C → aa 4B

5C

2/3A
1S

$a
Input SybolNonter-

minal

This grammar is not LL(1)
– Look at the conflict in the table

Grammar
Selector Table
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Selector Table – Example 2

$b.cB
b,dw,cW
w,cz, εZ
b,dy, εY
y,b,dx, εX
b,dz,w,c,ε,x,yA
$z,w,c,x,y,b,dS

FollowFirst1, S→AB 8. Z→zZ
2. A→XY 9. Z→ε
3. A→ZW 10.W→wW
4. X→xX 11.W→c
5. X→ε 12.B→bB
6. Y→yY 13.B→d
7. Y→ε

1312B
1011W

899Z
677Y
5455X

3223232A
1111111S

$zyxwdcb
Input SymbolNT

Grammar

First and Follow sets

Selector Table
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Algorithm for Building Selector Table


