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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of /%!

Input:
* 2 + 40

Pushdown:

(10 fame]

Eﬂ):B T[]
o
[T [+] F[2] [int

[F]1] int
[name]

name
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of /X1

Input:
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of /%!

Input:
* 2 + 40
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of 175!
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e
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Input:
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of 17£!
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Input:
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of /X1

Input:
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of /%!

Input:
+ 40

Pushdown:
(g0 E)

Ej} Djfj
j}]\[ [F]2]
D :| int
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of M|

Input: j)E
T [

]
I;;{s}hdown: fj} Ej
O OE L
1 int
name |

113/151

Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of M£!

Input: j)z ’
+ 40 IE ] B g j
pe N
[] L] (] [int
] int
name
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of MX!

Input:
* 2+ 40

Pushdown:
(qo F)

@} Dj\[j
j}j\[ [F]2]
1 [+] Fl2] [int

] int

EE]

2
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of M£!

Input:
+ 40

Pushdown:
(qgo E)

Ej} Djfj
j}]\[ [F]2]
D :| int

l fint]

E

i
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of 175!

Input:
[E]
Pushdown:
(g E+T)
O OE L
1 int
name |

Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of /%!

Input:
+ 40

Pushdown:
(qo'l * 1)

Generic Observation:
In a sequence of configurations of 1%
(@oav, v) - (qoaB, v) - (g0, €)

we call «~ a viable prefix for the complete item [B — ~e] .
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Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of /X1

Input:

Pushdown:
(gqo E +F))

[HE

Generic Observation:
In a sequence of configurations of /%

(qoay, ) F (qoaB, v)F* (g0, €)

we call o~ a viable prefix for the complete item [B — ve] .

Reverse Rightmost Derivations in Shift-Reduce-Parsers

Idea: Observe reverse rightmost-derivations of M1

Input:

Pushdown:
(g0 EHF))

Generic Observation:
In a sequence of configurations of Mm%

(goaB, v)!

“(qo S, €)

(qooy, v) !

we call «~ aviable prefix for the complete item [B— ~e] .
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Bottom-up Analysis: Viable Prefix

a~y isviable for [B— ~e| iff S—;aBv

Lwith a=a ...

Canonical LR{0)-Automaton

Example:

E — E+T | T

T — T«F | F

F — (E) | int
—Therefore we determine:

2
&

(IIP!

v F
T
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Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR(G) is created from ¢(G) by:

@ performing arbitrarily many e-transitions after every consuming
transition
© performing the powerset construction

,L/’i\\ + (®) T H/f;\ll
N //X,T/\ \\,:(/‘
.. for example: E / int_- /f’l |+ \
/ int ,;4\/ 4}‘//‘\:_@_;_“_#7_‘ \
o—=@GY |/ | @ | |+
/T\ \?/ A '.‘ / Z ‘ J|
% F |
\\\(\i ) / E i ) ‘.rf
\ =2 ’\% —J-L\B ) /
AN LT - /
\*h(;—fq\\l \(i\ F ) // =
® * O—-®
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LR(0)-Parser
.. for example:
q = {[S—Es],
[E—E e +T]}
g = {[E—~Te, g = {|[E+E+Tsl,
[T—TexF]} [~ TexF|}
q3 = {[T—}F.]} q10 = {[T-}T *F-]}
gs = {[F—inte]} gu = {[F—(E)e]}

The final states ¢, g2, g9 contain more then one admissible item
= non deterministic!
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LR(0)-Parser

. for example:
g1 = {[S—=Es],
[E—»E . +T]}
¢ = {[E=Tse], qg = I;LL—HT—&—Ta]
[T —Tex+F]} O [T—»T-*r}
g3 = A[I =t 7= r <[ o]}
q4 D {[F —inte]} g = {|[F—(E)e]}

The final states ¢;. g2, gy contain more then one admissible item
> non deterministic!

123/151

LR(0)-Parser

Correctness:

we show:

The accepting computations of an LR(0)-parser are one-to-one
related to those of a shift-reduce parser /.

we conclude:

@ Thd accepted |[gnguage is exaptly £(G)

@ TheSequence of reductions oi an accepting computation for a
word w € T yields a reverse rightmost derivation of G for w

125/151

Canonical LR(0)-Automaton

The canonical LR(0)-automaton LR((G) is created from () by:
@ performing arbitrarily many e-transitions after every consuming
transition
© performing the powerset construction

.. for example:

Revisiting the Conflicts of the LR(0)-Automaton

What differenciates the particular Reductions and Shifts?

Input:
* 2+ 40 E
E|1l
Pushdown:
E T|0
(goT) |_L |?:.

E — E4+T | T
T — TxF | F
F — (E) | int
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Revisiting the Conflicts of the LR(0)-Automaton

What differenciates the particular Reductions and Shifts?

Input: ;) E :

+ 40 ‘\{‘ El1 [E] Tij]

Pushdown: —

(Cft} “j—| EZ'
1 1 N [
mn [int
[name

E — E+T | T
T — TxF | F
F — (E) | int
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Revisiting the Conflicts of the LR(0)-Automaton

What differenciates the particular Reductions and Shifts?

Input:
[ 40 D T[1]
e fj\z T
i O s s R
L] ] fint
[fam|
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Revisiting the Conflicts of the LR(0)-Automaton

What differenciates the particular Reductions and Shifts?

E|0
Input:

* 2 440 E{:B
Pushdown: 511 Tlo
T

(T[] F
L] ]
name|

E —» E+T | T

T — TxF | F

F — (E) | int

Revisiting the Conflicts of the LR(0)-Automaton

Idea: Matching lookahead with right context matters!

Input

12 || ()
e

(o =1, D\z
[ [+ [F[7]
[FIT] |
[fame]
| T
| F
| int

=]
[~ =]
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Revisiting the Conflicts of the LR(0)-Automaton

Idea: Matching lookahead with right context matters!
0
Input: ‘;_\_.,_._— IoA
s

Pushdown: “ﬁ—|

(Cft}{-f;)
o o e
L] it
[name|
A U b
T——T%F T T
F — (E) | int
LR(k)-Grammars

Idea: Consider k-lookahead in conflict situations.

Definition:
The reduced contextfree grammar G is called LR(k)-grammar, if for
Firsty(w) = Firsty(x) with:

S —r aAw — aflw

ta=a NA=A =
§ —p AW — afx }fO”OWSa 24 Aw =x

Strategy for testing Grammars for LR(k)-property
@ Focus iteratively on all rightmost derivationd S+ aXw > a Sw
© Identify handlg o 3 |n sentence forms o 3w

© Determine minimal k,Jsuch that First,(w) associates 3 with a
unique X3 for non-prefixfree o 3s

128/151

LR(k)-Grammars

Idea: Consider k-lookahead in conflict situations.

Definition:
The reduced contextfree grammar G is called LR(k)-grammar, if for
First(w) = First;(x) with:

S —=F aAw P affw
T B follows| a =a’ AlA=4" h w =x
S —p AW b afx

128/151

LR(k)-Grammars

for example:

(1) H@\@ A saAb | 0 B osaBbb | I

W ALQ), s s Rbbp  LA0
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LR(k)-Grammars

for example:

(1) S—A | B A—aAb | 0 B—aBbb | 1

.. isnot LL(k) for any k :

Let S—raXw—apBw. Then «f isofone ofthese
forms:

Ay 1_?9 a'aA bo, a" aBbbﬂ a’ QU a"lo (n>0)
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LR(k)-Grammars

for example:
(1) S—+A | B A—aAb | 0 B—aBbb | 1
.. is not LL(k) for any k — but LR(0):

Let S—raXw—afw. Then «f isofone ofthese

forms:
A,B.,d"aAb, d"aBbb, a"0, a"1

(2) S—aAc @bb | b

(n>0)
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LR(k)-Grammars

for example:

(1) S—A | B A—aAb | 0 B—aBbb | 1
.. is not LL(k) for any k — but LR(0):

Let S—raXw—afBw. Then «fp isofone ofthese

forms:
A,B,d"aAb, d"aBbb,d0,d1l (n>=0)
129/151
LR(k)-Grammars
for example:
(1) S—A|B A—=aAb | 0 B-—aBbb | 1

.. isnot LL(k) for any k — but LR(0):
Let S—raXw—apw. Then «f isofone ofthese
forms:

A,B,d"aAb,d"aBbb,d"0,d"1 (n>0)

(2) S—aAc A—?Abb@

.. is also not LL(k) for any & :
Let S—yaXw—afw. Then

a3 isofone of t
forms: @
O A | QA A___
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LR(k)-Grammars

for example:

(1) S—A | B A—aAb | 0 B—aBbb | 1
... is not LL(k) for any k — but LR(0):
Let S—raXw—apBw. Then «f isofone ofthese
forms:
A,B,d"aAb, d"aBbb, d"0,d"1l (n>=0)

(2) S—aAc A—Abb | b
... is also not LL(k) for any  :
Let (5] G'XW_"”' Bw. Then «p isofone of these
forms:
ab, aAbb,aAc

129/151

LR(k)-Grammars

for example:

(3) S—aAc A—bbA |@
Let S—paXw—afw with {y!—Firet;(s) then
a By isof une ui inese forms:

o e oA @ (%)EQ

130/151

LR(k)-Grammars

for example:

A=bhB)| b

(3) S—adc

LR(k)-Grammars

for example:

B) S—aAc A—-bbA | b

130/151

Let S—raXw—aopfw with {y}=First,(w) then

afy is of one of these forms:

ab™bc, ab™bbAc, aAc

o ©
S"(‘"‘\b.__.
= =V
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LR(k)-Grammars

for example:

(3) S—adc A—bbA | b

Let S—raXw—afw with
a By is of one of these forms:

... isnot LR(0), but LR(1):
{y} = First,(w) then

ab™bc, ab™bbAc, aAc

(4) S—aAc A@| b
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LR(k)-Grammars

for example:

(3) S—aAc A—bbA | b
Let S—jaXw—afBw with
a By is of one of these forms:

... isnot LR(0), but LR(1):
{y} = Firsty(w) then

ab™be, ab™bbAc, aAc
bAb

(4) S—aAc A b ... is not LR(@ forany £ > 0:
Consider the righimost derivations:

S—rab"Ab"c —?ﬂ%

130/151

LR(k)-Grammars

for example:

() S—adc A—=bbA | b
Let S—raXw—afw with
afy isof one of these forms:

... is not LR(0), but LR(1):
{y} = Firsty(w) then

ab™bc, ab™bbAc, aAc

(4) S—aAc A—=DbAb | b
Consider the rightmost derivations:

S—pab"Ab"c—ab" @(:

LR(1)-Parsing

ldea: Let's equip items with 1-lookahead

Definition LR(1)-ltem
An LR(1)-item is a pair [B— v ® ﬁ,@with

x € Follow, (B) = |_J{First,(v)

S—" uBv}

130/151
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Admissible LR(1)-ltems

The item [B — « o 3, x] is admissable for ~ « if:
with {x} = First; (w)

il

S—ry¥Bw

AH!

[ |
\
\ .
o B i
A
M

with ..oy, =7

Im

The Canonical LR(1)-Automaton

The canonical LRr(1)-automaton LR(G, 1) is created from ¢(G, 1), by
performing arbitrarily many e-transitions and then making the
resulting automaton deterministic ...

But again, it can be constructed directly from the grammar;
analoguously to LR(0), we need the e-closure §* as a helper function:

0(g)=qU{[C— e, xJIE€I[A—a 8B x| € ¢q,8 € (NUT)* :
= EB - CB A xeFirst(88) © {¥}}
=

, - e+
Then, we define: : s.'i-»*

E+% g
States: Sets of Lr(19%tems;
Start state:

S — o8, €]}
Final states: {¢ | 3A—~a € P: [A—ae x| € g}
Transitions:

Mg, X) =0 {[A—aXe B x] |[A—aeXf x| €q}

132/151
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The Characteristic LR(1)-Automaton

The set of admissible L.R(1)-items for viable prefixes is again

computed with the help of the finite automaton ¢(G. 1).
The automaton  ¢(G, 1):
States: LR(1)-items
Start state: [ — e f ¢
Final states: {[5 e, x| | 5§ d {{ € Fdlow ()}
Transitions:
(1) ([A—aeXp, x| X, A—aXep x]), X € (NUT)

(2) ([A—aeBp, x| [B— o~,X]),
A—aBf, B—vy € P,x' € First)(8) ® {x};

This automaton works like ¢(G) — but additionally manages a 1-prefix
from Follow, of the left-hand sides.

The Canonical LR(1)-Automaton

For example: E — E+T | T
T — TxF | F
F — (E) | int

First; (8') = First,

—_

E) = Firsty(T) = First; (F) = name, int, (

gy = {[s" — e E, {}], g = (g0, F) = {[T—+Fe
[E— «E+T, {e,+}].
[E— T, {e, +}]. g1 = (g0, int) {[F—~int e
[T— eT*F, {e +,*}]
[T— o F. {e.+.+}]. s = 0, () = {[F—=(eE)
[F— o(E), {e,+.%}], [E— eE+T
[F— eint, {e, +, x}]} [E— T
[T— eTxF
q1 = (S(c,'|],E) = {[5'{—}5- ].‘ [T—} o F
[E~+Ee+T 1} [F— o (E)
[F— eint
g = (g, T) = {[E—=Te ],
[r—=TexF It

133/151
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The Canonical LR(1)-Automaton

For example: E — E+T
T — TxF
F — (E)

T
F
int

Firsty (S") = Firsty(E) = Firsty(T) = First; (F) = name, int, (

qo
[E— e E+T, {e,+}],

[E— oT, {e,+}], o

[I"— e TxF, {e +,*}],

[T — e F, {e +,=}], gs

[F— o (E), {e,+,*}],
[F— eint, {e, 4+, #}]|}

g = 8(q,E) = {5 —=Ee, {e}],
[E=Ee+T, {e,+}]}
g = (g0, T) = {[E—=Te, {e+},

[T—=TexF, {e+,%}}

The Canonical LR(1)-Automaton

For example: E 5 E4T
T — TxF
F — (E)

{[s"— o E, {e}], qz

&(qo, F)
(go, int)

5(qo, ()

T
F
int

{[r—Fe, {e+=}}
{[F—int e, {e+,+}]}

{[F—(e£) 1,
[E— eE+T ],
[E— T ],
[T— eT*F

[T— oF ],

[F— o (F) 1

[F— eint I}

135/151

Firsty (S") = Firsty(E) = Firsty(T) = First; (F) = name, int, (

g5 = 6(gs, ()

Il
]

Fo(or) L)+, %}, g
E— oE+T,{),+}],
E— el {). 4},
T— Tk, {),+. %},
T— oF, {).+.*}. qs
F— e (E), {),+,*}],
F— eint, {),+,%}}

gy

gs = O(q1,+) = {[E—E+eT,{e +}]

T— eTxF, {e..+=*}]=
T— oF, {e+,%}], g0
Fo e (E); (e foell:
F— eint, {e,+,%}}  qu

8(qa,

a(gs,

86,

(g7,

3(gs,

{[T—=TxeF, {e +, +}],
[F— e (E), {e,+, *}],
[F— eint, {e,+, =} }

{[F=(Ee), {e, +,x}]}
[E=Ee+T,{),+}I}

{[E=E+Te, {e,+}],
[T— TexF, {e,+,%}]}

{[T—=TxFe, {e,+,*}}

{[F=(E) o, {e,+,x}]}

136/151

The Canonical LR(1)-Automaton

For example: E — E+4T
T — TxF
F — (E)

First; (§') = First,

—

qo [Eﬁ_ e E+T, {€=+}]=

[E— o T, {e,+}], q4

[I— o TxF, {e +. *}],

[T — o F, {e, +,x}]. gs
[F— e (E), {e.+,+}],
[F— eint, {e, +, x}]}

q = d(q,E) = {[S"—Ee, {e}],
[E=Ee+T, {e,+}]}
g = d(q.T) = A{[E—=Te, {e +}],

[T—=TexF, {e,+,=}}

The Canonical LR(1)-Automaton

For example: E - EAT
T — TxF
F — (E)

First; (§') = First,

—

(f_i = ‘S((f‘-ﬂ() = {F_}(.E)'-{)'-—i_'-*}]: 47
E— o E+T,{),+}],
E— o7, {),+}],
T— eTxF, {),+, =},
T— eF, {),+,*}], gs
F— e (E), {),+ =},
F— eint, {),+,*}}

49
g = g1, +)

Il
—~

E—E+eT, {e,+}],

T— eTxF, {E.‘+..*}].‘
T— aF, {e +,*}], g10
F e (), e tond],
F— aint, {e,+,%}]} qu

{[s"— o E. {e}], qs

T
F
int

(g0, F)
(go, int)

a(gqo, ()

T
F
int

&(qa,

(S(ffa:
&(qa,

3(q7,

3(gs,

E) = Firsty(T) = Firsty (F) = name, int, (

{[rT—Fe, {e+ +}}
{[F—int e, {e, 4+, *}]}

{[F—(eE), {e,+,+}.

[E— E+T, {),+},
(E— T, {),+}]
[T— eTxF, {),+, =}
(T o F, {),+ +},
[F— o (E), {),+.+}]
[F— eint, {),+,=}}

E) = Firsty(T) = Firsty (F) = name, int, (

135/151
{[T—=T+eF I
[F— e (E) l,
[F— eint I}

{[F—=(Fre) ]}
|[E+Ee+T I+
{|E=E+Te ],

|T— TexF 1}
{IT—>Tx*Fe 1}
{[F=(E) e I}
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The Canonical LR(1)-Automaton

For example: E — E+T | T
T — T«F | F
F — (E) | int

First; (") = First; (E) = First;(T) = First; (F) = name, int, (

g = dgs, () = A{[F—=(eE) l.,gg = 6(g2.*%) = {[T—>TxeF ],
E— «E+T R [F— o (E) ],
E— oT ], [F— eint 1}
T— eTxF ],
T— eF I e = 8, E) = {[F(Ee) I}
F— o (E) , [E—Ee+T I}
F— eint 1}
49 = g, T) = {l[E—=E+Te 1,
g = (g, +) = {[E=E+eT ], [T— TexF 1}
T— eTxF ],
T— oF I qo = 6(g,F) = {[T—=TxFe 1}
F— e (E) I
F— eint 1P oqu = dgs,)) = A{l[F—=(E) e I

136/151

The Canonical LR(1)-Automaton
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The Canonical LR(1)-Automaton

For example: E — E+T | T
T — T«F | F
F — (E) | int

First; (8") = Firsty(E) = First;(T") = First; (F) = name, int, (

g = dlgs, () = {[F=(eE),{),+.*},¢1 = dlg,*x) = {[T—=Tx+eF
E— «E+T,{),+}], [F— o (E)
E— «T,{),+}], [F— eint
T o TxF, [), 4,5},
T— aF, {),+,%}], qs = d(gs,E) = {[F—+(Ee)
F— e (E),{),+,x}], [E—=Ewo+T
F— wint, {), 4+, *x}}
go = g T) = {[E—=E+Te
g = Olq.+) = {[E—=E+eT, {e+}] [IT— TexF
T— «T*F, {e,+, %},
T— oF, {e,+, *}], g = 6{g;,F) = {[T—=TxFe
F— o (E), {e, +, %},
F— wint, {e,+,%}} g1 = (g, )) = {[F—=(E) e

The Canonical LR(1)-Automaton

136/ 151
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The Canonical LR(1)-Automaton

Discussion:

@ In the example, the number of states was almost doubled
... and it can become even worse

@ The conflicts in states ¢, ¢-, gy are now resolved !
e.g. we have for:

{4y =

with:

{e.,+} n (Firsti(+F) ©{e, +.%}) = {e.+} N {x} =10

139/151

The LR(1)-Parser

The construction of the LR(1)-parser:

States: QU {f}
Start state: ¢
Final state: /

(f fresh)

Transitions:
Shift: (pya.pq) if | q=gotolg,d],
s = action[p, w]
Reduce: (Pqr ... qp,epq) T [A—(Fe] € qpg,
g = goto(p, A),
[A — B e] = action|g |, ]
Finish: (gop.e.f) if [S"— Se] € p

with LR(G.1)=(0,T,0,q0,F) .

1417151

The LR(1)-Parser:

]

|
[

Y
. 2
-<»|| action Dt
goto
@ The goto-table encodes the transitions:
goto[g,X] =[0(¢,X)| € 0O

@ The action-table describes for every state ¢ and possible
lookahead w the necessary action.

The LR(1)-Parser:

Possible actions are:

shift // Shift-operation
reduce (A —~) // Reduction with callback/output
error // Error
... for example: , _
action | e int ( ) + *
E — E+T° | T! o 5,0
T — TxF° | F! ¢ [E1 s
Fo— (E)Y | int! @ E 1 s
g T,1 T,1 T,1
q 7,1 T,1 T,1
s F,1 F,1 F,l
q F,1 F,1 F,1
qo E.0 E.0 S
o EO0 EO s
q10 T., 0 T, 0 T, 0
gl 7,0 T,0 T,0
qu | F,0 F,0 F,0
i F,0 F,0 F,0
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The LR(1)-Parser

The construction of the LR(1)-parser:

States: QU {f} (f fresh)
Start state: ¢
Final state: f

Transitions:
Shift: (p,a,pq) if  g=gotolg,ad],
s = action[p, w]
Reduce: (g1 --- qpa,epq) [A—=pPe] € gz,
g = goto(p,A),
[A — o] = action[g, 5/, w]
Finish: (qop,e.f) i [ Se] €[p

with LR(G.1) = (Q,T.5,q0,F).
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Special LR(k)-Subclasses

Theorem:

A reduced contextfree grammar G is called LR(k) iff the canonical
LR(k)-automaton LR(G, k) has no LR(k)-unsuited states.
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The Canonical LR(1)-Automaton

In general: We identify two conflicts:

Reduce-Reduce-Conflict:
A—vye,x], [A'—=~"e x| € g with A#A V~y#4

Shift-Reduce-Conflict:
A—~e x, AA—=aeafBy € ¢
with a € T und x € {a} & Firsty(8) @ {v} .

forastate g€ Q.

Such states are now called LR(k)-unsuited
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Special LR(k)-Subclasses

Theorem:

A reduced contextfree grammar G is called LR(k) iff the canonical
LR(k)-automaton LR(G. k) has no LR(k)-unsuited states.

Discussion:

@ Our example apparently is LR(1)

@ In general, the canonical LR(k)-automaton has much more states
then LR(G) = LR(G,0)

@ Therefore in practice, subclasses of LR(k)-grammars are often
considered, which only use LR(G) ...
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Lexical and Syntactical Analysis:

From Regular Expressions to Finite Automata

From Finite Automata to Scanners

AL

] T e I T EE e T o o ]

o a0\ AlB
\\\ L 4 ‘ [1]
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Parsing Methods

deterministic languages
=LR(1) = ... = LR(k)
LALR(k)
SLR(k)
LR(0) 1
|
languages
[l 1
H LL(1) ses LUK | see ‘

Discussion:

@ All contextfree languages, that can be parsed with a deterministic
pushdown automaton, can be characterized with an
LR(1)-grammar.

@ LR(0)-grammars describe all prefixfree deterministic contextfree
languages

@ The language-classes of LL(k)-grammars form a hierarchy within
the deterministic contextfree languages.

Lexical and Syntactical Analysis:

Computation of lookahead sets:

FAS) 2 FAE)  F(E) 2 F.E)
FAE) 2 F(T)  F(T) 2 F.(T)

o T\
() ‘.\:i_ 'JI-‘—QEJ»—‘—,_‘JJ—-‘—\]
F(T) 2 FA(F)  F(F) 2 {(.name.int}

) [
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Q (. int. name
=)
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Lexical and Syntactical Analysis:

From characteristic to canonical Automata:
==

|H«f?#-1w~r|—'-1m--r|—"—«w-r-||
S

F
e |

S |

From Shift-Reduce-Parsers to LR(1)-Parsers:

o T
\-)E/_m pl \3)

LY

—={1
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Lexical and Syntactical Analysis:

From characteristic to canonical Automata:
==

\H«f?i—"ﬁw‘-v|—’¢at--1#—«m-r-\|
=]

¥
Dl i |

S |

From Shift-Reduce-Parsers to LR(1)-Parsers:

o T
Q/m he \\’Q

lu

=T

151/151




