1/57

Part VII.
Top-Down Parsing
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A

Use ruler: A = x

Question: Could you construct
this table forany CFG?

Answer: NO




3/57

A TableBased Selection of a Rule




3/57

A TableBased Selection of a Rule




3/57

A TableBased Selection of a Rule




3/57

A TableBased Selection of a Rile




3/57

A TableBased Selection of a Rile




3/57

A TableBased Selection of a Rile




3/57

A TableBased Selection of a Rile




3/57

A TableBased Selection of a Rile

Use ru}lsrl: A - XX, . X
A a(A, a) 7
Use i A - Y,Y,.. Y.
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SetFirst

Gist: First(x) Is the set of all terminals that can
begin a stringderivable from x.
Definition: LetG=(N, T, P, S be a CFG. Fc
everyx (N O T)",we define the sdfirst(x) as
First(x) ={a:a0T,x="ay;,yO((NOT)}.

lllustration: y =
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LL Grammarswithout e-rules
Definition: LetG= (N, T, P, S) be a CFG witho{it
e-rules Gis anLL grammar if for everya [ 1

and evenA [ N there isno more than onerule
A - X X,..X 0P such thab O First(X, X,...X )

Ruleyr, o a
;
a‘ R RAT |\ al 3 X Only rule ry:

a O First(X,X,..X ) aOFirst(Y,Y,..Y )| A = XX5...X,
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Smple ProgrammingLanguage (SPI)

<prog> - begin<st-list>

<st-list> - <stat>; <st-list>

<st-list> - end

<stat> - readid

<stat> - write <item>

<stat> - Id ;= add ( <item> <it-list>
<t-list> - , <item> <it-list>

<t-list> - )

<item> S Int

<item> - id Note: Ggp, ISLL_grammar
Example:| begin
read I;
J := add(, 1) SPL
write J;
end
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Algorithm: First(X)

e Input: G=(N, T, P, S without g-rules
e Output: First(X) for everyX N0 T

* Method:
e for eacha U T: First(a) := {a}
* Apply the following rule until no First set
can be changed.:
o if A - X X,...X 0P, then add-irst(X,) to First(A)
lllustration:
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Algorithm: First(X)

e Input: G=(N, T, P, S without g-rules

e Output: First(X) for everyX

N

e Method:
e for eacha U T: First(a) := {a}
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o if A - X X,...X 0P, then add-irst(X,) to First(A)

lllustration:

1) for eacha O T: 2)
First(a) .= {a}
becauser =° a

=P A O First(A)

Ny
Ny
by
8

a|=» aldFirst(X,)
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First(X) for SPL Example

First(beqin) = {beqin}  First(id = {id 1rst(,) =
-irst(en ):: eng}} -1rst |nt)) = m%} First(() =
First(read) = read}  First(: ={=} First()):=
First(write) = {write} Cirst(ac add) :={add} First(;):={;
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Construction of LL Table

A a
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Parsing Based on LL Table: Examjple

<prog> - begin<st-list> <stat> - id:=addf(...
<st-list> - <stat>; <st-list> 7: <it-list> - |, <item> <it-list>

<st-list> - end <it-list> -

<stat> - readid <item> - Int

<stat> - write <item> <item> S id

beglend rdf wr]l idl int] | (1 :[:=]adg

<st-list>

<stat>

<it-list>

<item>

Source program: <prog-

begin write 25; end

S S

Lexical
Analyzer
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beglend rdf wr]l idl int] | (1 :[:=]adg

<st-list>

<stat>

<it-list>

<item>

Source program: <prog>

<st-list>

begin write 25; end

- <stat>
/\<item> xst-list>

Lexical beqin_ _write i_rllt )
Analyzer ‘ begm“wrlte H%HEI end
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LL Grammars: Useful Transformatio|ns
Generaly: CFG are stronger that LL grammars

lllustration:

The family of languages The family of languages
generated byLL grammars generated byCFGs

* Some CFGs can be converted to equivalent LL gram
Basic conversions:

1) Factorization

2) Left recursion replacement

Note: A rule of the formA — Ax, whereAON,x O(NO T)
IS called deft recursiverule.




12/57

Factorization

ldea: Replace rules of the form
A - Xy, Ao XY, ..., A 5 Xy, With

A = X ; —>y1, —>y2,..., —>yn,
where IS a new nonterminal
lllustration: A A
VAN 2\
A A
AN X *
AV X Y Y1 Yn
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A - Xy, Ao XY, ..., A 5 Xy, With

A = X ; —>y1, —>y2,..., —>yn,
where Is a new nonterminal
lllustration: A A

AN \
A A

AN X *
AV X Y Y1 Yn
Example:

<stat> - write id
<stat> - write Int
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Factorization

ldea: Replace rules of the form
A - Xy, Ao XY, ..., A 5 Xy, With

A _)X y _)y]_1 _’.y21---1 _)yrp
where IS a new nontermlnal

IIIustratlon

A
N\
YSRVARE X

yn

Example:

<stat> - write id
<stat> — write Int

- Id
- Int

‘ <stat> - write
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Left Recursion Replacement

ldea: Replace rules of the forlh - AxX, A - v
withA -y , Sx , S5 ,where Isa
new nontermink.

IIIustratlon A

i\ ‘ yl Lo
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Left Recursion Replacement

ldea: Replace rules of the forlh - AxX, A - v
withA -y , Sx , S5 ,where Isa
new nonterminz

IIIustratlon Aﬁ
Examp Ie

E - E+T

E_T

T - T*F

T-F

F - (E)




13/57

Left Recursion Replacement
ldea: Replace rules of the forlh - AxX, A - v

withA -y , Sx , 5 ,where Isa
new nonterminz

IIIustratlon ﬁ

Examp Ie

S E+

EHET} ) . TEE TELE -
*

T-TF ) mp 7_Fr7 oFT,T

F - (E) F - (E)
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LL Grammars witre-rules: Introductio

Why e-rules? o
e elimination of the left recursion introducesule
» ¢g-rules often make the language specification cteare

Simplification of this part:
Assume that every input string of tokens ends witl$.

Note: $ acts as aend marker.
Main problem with e-rules:

Ruler: A - X X,.. X,

Maybe:a [ First(A):

Note: We must define other setsmpty, Follow andPredict.
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Grammar for Arithmetical Expressions

* Ggpra = (N, T P E) where

N={E, E’, ", F},

T={I,+" ()}

P={1:E -5 TE’, B - +TE’,
B’ - &, T - FT7,
T - *FT°, T’ > €,
F > (B), F -1}

Example:

(1)1 +1) U L(Gexpra)
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SetEmpty

Gist: Empty(Xx) Is the set that includes If x derives
the empty string; otherwise,Empty(x) is empty
Definition: LetG=(N, T, P, §) be a CFC
Empty(x) = {€} if x = €; otherwise,
Empty(x) = O, wherex O (N O T)".

llustration: x = PX] PG} -X]]
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SetEmpty

Gist: Empty(Xx) Is the set that includes If x derives
the empty string; otherwise,Empty(x) is empty
Definition: LetG=(N, T, P, §) be a CFC
Empty(x) = {€} if x =" ¢; otherwise,
Empty(x) = O, wherex [

lllustration: x =

X = X, X, ...xn:> £

Empty(x) = {&}
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Algorithm: Empty(X)

e Input: G=(N, T, P, S
* Output: Empty(X) for everyX LI N [ T

* Method:
e for eacha U T: Empty(a) = [
e for each A [J N:
If A - €0 P then Empty(A) .= {&}
elseEmpty(A) =
* Apply the following rule until no Empty set can be
changed:
o if A - X X,... X_O P and Empty(X) = {&} for all
1 =1,...,n then Empty(A) = {&}
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Previous Algorithm: lllustratio

1) for eacha O T: Empty(a) := Ll because =f" ¢
2) for each: A - & O P: Empty(A) := {€} becauseA ="' €[]

3) Apply the following rules until no Empty set can be
changed:
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Empty(X) for G_, ... Example

=(N, T, P, E), where:N = { F1T},T:{i,+,*,(,)},
P={ LE ~TE, 2E - +TE,3E ~¢ 4T - FT

expr3

T L *FTLET e F o (E)&F i)
Initialization: Emp%y i+) = [ Emp%y E)) :{ }
m = L m = {¢

EmB& * ; =0 Eth¥ T) =
Empty (3 =0 Empty(T') = {g}
Empty()):=0  Empty(F) = O

 No Emptyset can be changed.
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Algorithm: First(X)

e Input: G=(N, T, P, S
e Output: First(X) for everyX N T

* Method:
e for eacha U T: First(a) :={a}
e for each A U N: First(A) =
* Apply the following rule until no First set can be
changed:
o if A - X X,..X X ... X [P then

e add aII symbols frorﬁlrst(xl) to First(A)

o If Empty(X) ={e}foralli=1,...,k-1, wherek<n

then add all symbols fronfirst(X,) to First(A)
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Previous Algorithm: lllustratio

1) for eacha O T: First(a) := {a} becausea = a

2) for eachA O N: First(A) ;=0 (inicialization)

3) Apply the following rules until no First set orEmpty
set can be changed:

oif A - X X, ... X X ...X 0OPthen
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nn n
"va, ....l.ll.
]

L 4
L )
|
N
L/

“"

O First(X,)

[\ ans’
a| = aoFirst(x,)
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First(X) for G, ... Example

Initialization: sty =4, Rt E}) = L
irs o %{ irsT) = L
i )(3 = )i i F)) = [
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First(X) for G, ... Example

Initialization: rsi() ;f Q ir! E)) = L
—wgtt ; % * —wg P % ]
i (3 = )i i F)) = [

F - i1 0OP: add First(i) = to First(F

F - (E)OP: add Flrstg(g :i& to FlrstEFg

Summary: First(F) ={i, (}
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First(X) for G, ... Example

Initialization: sty =4, Rt E}) = L
rsC) Sl B
e S T

F - 10P: add Firstgi& = ?& 10 FirstgFg

F - (E)UP: addFirst(() = to First(F

Summary: First(F) = {i, (}
T - *FTL OP:. addFirst(*) ={*} to Firs{(T")
Summary: First(T") = {*}
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First(X) for G, ... Example

Initialization: rsi() f{L irt E}) = L
Sirst f =1 Firs(T) = [
-irst( () = ~Irst(T) = [
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Summary: First(T") = {*} ]
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Summary: First(T) = {i, (}
E' - +TE'0P: add First (+) ={+} to First(E’)
Summary: First(E’) = {+}




22157

First(X) for G, ... Example

Initialization: First(i) E)

= {j =irst = [

-irst(+) =14} FIirst(E’) = L

-irst(* ) = {* 1rst(T) = [

-irst( () = Frst(T) = [

-irst() ) =1)t First(F) = [
F - 10P: add Firstgi& :?& to FirstEFg
F - (E)OdP: addFirst(() = to First(F

Summary: First(F) ={i, (}
T - *FI OP. addFirst() ={*} to First(T)
Summary: First(T’) = {*} _
T - FT'UOP:  addFirst (F) ={i, (} to First(T)
Summary: First(T) = {i, (}
E - +TE OP: add First(+) ={+} to FIrsi(E)
Summary: First(E’") = {+}
E-TEOP: addFirst(T) ={i, (} to Firsti(E)
Summary: First(E) = {i, (}
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First(X) for G, ... Example

Initialization: First(i) E)

= {j =irst = [

-irst(+) =14} FIirst(E’) = L

-irst(* ) = {* 1rst(T) = [

-irst( () = Frst(T) = [

-irst() ) =1)t First(F) = [
F - 10P: add Firstgi& :?& to FirstEFg
F - (E)OdP: addFirst(() = to First(F

Summary: First(F) ={i, (}
T - *FI OP. addFirst() ={*} to First(T)
Summary: First(T’) = {*} _
T - FT'UOP:  addFirst (F) ={i, (} to First(T)
Summary: First(T) = {i, (}
E - +TE OP: add First(+) ={+} to FIrsi(E)
Summary: First(E’") = {+}
E_TE OP: addFirst(T)={, ( to First()
Summary: First(E) = {i, (}

* No First set can be changed.
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First(X) & Empty(X) for G_,5: Summar
Gz = (N, T, P, E), whereN={E, F, T}, T={I,+,*, (, )},
P={ I'E - TE', 22E - +TE',3:E" -¢, 4T -5 FT’

T - *FT7,6: T > €, F - (BE),8F 1}
SetEmptyfor  Empty(i1) := [ Empty E) = [
al XONDT: Emei )= L oy, 2

Empty (g =[] Empty(T’) = {E}
Empty( ) ) ;= [ Empty(F) —
SetFirst forall First(1) :={i} First(E) - ={1, (}
XONOT 580 28 Hran) =4
Ciret (3 = i Sirst(T) o= {*}
=irst( ) =1{) -irst(F) = {1, (}

Note: for eacha O T: Empty(a) = U, First(a) = {a}
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Algorithm: First(X,X,...X )

e Input: G=(N, T, P, 9); First(X) & Empty(X) for
everyXONDO T, x=XX,...X, wherex I (N O T)*

* Output: First(X,X,...X)

* Method:

e First(X,X,...X ) := First(X,)

* Apply the following rule until nothing can be added

to First(X, X, ... X X, ...X):
o If Empty(X,) ={¢} forall1=1,... k-1, wherek<n
then add all symbols frorFirst(X,) to First(X,X,...X)

I Note: First(e) = [

lllustration:
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-
€ €... €
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* Apply the following rule until nothing can be added

to First(X, X, ... X X, ...X):
o If Empty(X,) ={¢} forall1=1,... k-1, wherek<n
then add all symbols frorFirst(X,) to First(X,X,...X)

I Note: First(e) = [

lllustration:

AX g ® a d First(X,X,... X)
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First(X. X,...X ). Example

Gz = (N, T, P, E), whereN={E, F, T}, T={i,+,*, (, )},
P={ LE -TE, 2ZE - +TE,3E -¢& 4T - FT
T - *FT7,6: T > €, F - (BE),8F 1}

SetEmpty& First Empty(E) = 0 First(E) =11, (}
forall XON: EMPYE) = {%} First(E ) = {+}
Empty(T) = mirst(T) - =11, (3
Empty(T ) = {%} CIrst(T ) :=4%}
Empty(F) = First(F) =11, (}

Task: First(E' T'FET)

1) First(E'T'FET) = First(E’) = {+}

2) First(F’LFET): addFirst(T’) = {*} toFirst(E'T'FET)

BEEPW(EE’?'F’I{:&I}ET' ddFirst(F) =i First(E'T'FET
) |rst(¢ \\)La Irst(F) ={i, (} to First( )
Empty(E’) = Empty(T") = {€}

Summary: First(E'T'FET) ={+,*, i, (
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Algorithm: Empty(X, X,... X))

e Input: G=(N, T, P,S); Empty(X) for everyX LI N T,;
x=XX,...X, wherex I (N O T)*
* Output: Empty(X,X,...X )
* Method:
o If Empty(X) = {€} for all i =1,...nthen
Empty(X,X,...X) := {&}
else
Empty(X,X,...X ) = L
I Note: Empty(g) = {€}

lllustration: |:|:||:|
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Algorithm: Empty(X, X,... X))

e Input: G=(N, T, P,S); Empty(X) for everyX LI N T,;
x=XX,...X, wherex I (N O T)*
* Output: Empty(X,X,...X )
* Method:
o If Empty(X) = {€} for all i =1,...nthen
Empty(X,X,...X) := {&}
else
Empty(X,X,...X ) = L
I Note: Empty(g) = {€}

lllustration: ggg Empty(X,X,...X ) = {€}
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Empty(X. X,...X ). Example

Gz = (N, T, P, E), whereN={E, F, T}, T={i,+,*, (, )},
P={ LE -TE, 22E - +TE,31E -¢& 4T - FT

T - *FT7,6: T > €, F - (BE),8F 1}
SetEmpty ~ EmMpty(E) = [
for all X O N: Emgg %) — {%}
Empty(T ) = {%}
Empty(F) =

Task: Empty(E' T")
Empty(E’) = Empty(T’) = {€}, sOEmpty(E’'T’) = {¢}
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SetFollow

Gist: Follow(A) is the set of all terminals that can
come right after A in a sentential form of G
Definition: LetG= (N, T, P, S) be a CFG. Fdg
everyA L1 N, we define the sétfollow(A) as
Follow(A) ={a: aOT, S="xAay,x, y O (NOT)"}
O0{$: S="xA,xONOT}

lllustration:
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lllustration:

S =" xAz =" xAay
- -
a [ Follow(A) $ O Follow(A)
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Algorithm: Follow(A)

elnput: G=(N, T, P, S5,
* Qutput: Follow(A) for everyA 1 N
* Method:
e Follow(S) := {$};
e Apply the following rules until no Follow set
can be changed.:
oif A - xByU P then
o if v# €then
add all symbols fronkirst(y) to Follow(B);
o If Empty(y) ={¢€} then
add all symbols fronfrollow(A) to Follow(B);
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Previous Algorithm: lllustratio

1) Follow(S) := {$} |2) Apply the following rules until
no Follow set can be changed:
o if A - xByl Pthen
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2a) If v # € then add all symbols

from First(y) to Follow(B)
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Previous Algorithm: lllustratio

1) Follow(S) := {$} |2) Apply the following rules until
no Follow set can be changed:

o if A - xByl Pthen
2a) If v # € then add all symbols

from First(y) to Follow(B)

ann
2a:

a l First(y)

.
A J
L
\ J
.
\ J
.
.
j
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Previous Algorithm: lllustratio

1) Follow(S) := {$} |2) Apply the following rules until
no Follow set can be changed:

o if A - xByl Pthen
2a) If v # € then add all symbols

from First(y) to Follow(B)

a [ Follow(B)‘ ‘ Z | |

a0 First(y)
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Follow(B)
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1) Follow(S) := {$} |2) Apply the following rules until
no Follow set can be changed:

o if A - xByl Pthen
2a) If v # € then add all symbols
from First(y) to Follow(B)
2b) if Empty(y) ={¢€} then add all
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Follow(B)

lA \
a [ FO||OW(B) 12 € € €
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no Follow set can be changed:

o if A - xByl Pthen
2a) If v # € then add all symbols
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Follow(B)
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Previous Algorithm: lllustratio

1) Follow(S) := {$} |2) Apply the following rules until
no Follow set can be changed:

o if A - xByl Pthen
2a) If v # € then add all symbols

from First(y) to Follow(B)
2b) if Empty(y) ={¢€} then add all

symbols fromFollow(A) to
lA
a 0 Follow(B): 12}

Follow(B)
a0 First(y) a O Follow(A)
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Previous Algorithm: lllustratio

1) Follow(S) := {$} |2) Apply the following rules until
no Follow set can be changed:

o if A - xByl Pthen
2a) If v # € then add all symbols
from First(y) to Follow(B)
2b) if Empty(y) ={¢€} then add all
symbols fromFollow(A) to
Follow(B)

lA

a [ Follow(B) 1Z

a0 Firg(/) a0 Follow(B) *a Follow(A)
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Follow(X) for er . Example 1/3
First((E) ={i,(} Empty(E) Follow(E) = [
First(E') :={+} EmptyE) = FoIIowE) =[]
Fire(T) fi 2 ) '{ ESHSW f
FirsttF) =i () EmE¥F) ' Eoiowtty 2
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Follow(X) for er : Example 1/3
First((E) ={i,(} Empty(E) Follow(E) =[]
First(E') :={+} EmptyE) = FoIIowE) =0
FratT) i 3 Bt ‘{ Foliow(T) = 0
FirsttF) =i () EmE¥F) _ Follow(F) = [0

0) Follow(E) := {$}
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Follow(X) for er : Example 1/3
First((E) ={i,(} Empty(E) Follow(E) =[]
First(E') :={+} EmptyE) = FoIIowE) =0
= fi}o D) 2 Eloun) <
FirsttF) =i () EmE¥F) - Follow(F) = [0
0) Follow(E) := {$}

HF - (E)0F

¢£
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Follow(X) for er . Example 1/3

First((E) ={i,(} Empty(E) Follow(E) =[]
First(E’) := } Empty(E’) :{D} FoIIowE) =0
Atk P) - }(} Em% P) : = { E8II8W =
First(F) ={I,(} Empty(F) D} Follow =

0) FoIIow(E) = {$}

DF - (E)OP. addFirsi() ={)
S

to Follow(E)
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Foll ow(X) for er . Example 1/3
First((E) ={i,(} Empty(E) Follow(E) = [
First(E’) := } Empty(E’) —{D} Follow(E’) := [
First(T) ={1,(} Empty(T) Follow(T) =0
First(T') = } Empty(T") —{D} Follow(T") := [
First(F) =1, (} Empty(F) Follow(F) := [

0) FoIIow(E) = {$}
DF - (E) 0P addFirs() =()} o Follow(E)

¢ €
Summary: Follow(E) = {$, )}
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Follow(X) for er : Example 1/3
First((E) ={i,(} Empty(E) Follow(E) =[]
First(g’) =1 } Empty(E’) f{D} FoIIowE) =0
i) S ETeT) Sy FollowTh = G
First(F) ={i1,(} Empty(F) D} Follow(F) =[]

0) FoIIow(E) = {$}
1NF - ( E) OP: add First()) ={)} to Follow(E)
¢
Summary: Fgllow(E) ={%,)}
2)E -~ TE,_OP:
e. Empty() ={¢}




31/57

Foll ow(X) for er . Example 1/3
First((E) ={i,(} Empty(E) Follow(E) = [
First(E’) := } Empty(E’) —{D} Follow(E’) := [
First(T) ={1,(} Empty(T) Follow(T) =0
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0) FoIIow(E) = {$}
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¢
Summary: Fgllow(E) ={%,)}
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e. Empty() ={¢}
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Follow(X) for er : Example 1/3
First((E) ={i,(} Empty(E) Follow(E) =[]
First(g’) =1 } Empty(E’) f{D} FoIIowE) =0
i) S ETeT) Sy FollowTh = G
First(F) ={i1,(} Empty(F) D} Follow(F) =[]

0) FoIIow(E) = {$}
1F - ( E) OP: add First()) ={)} to Follow(E)
¢
Summary: Fgllow(E) ={%,)}
2)E - TE"_'_,I] P. addFollow(E) ={$, )}to Follow(E")
e: Empty(e) = {€}
E > TE L1 P:
¢ €




31/57

Follow(X) for er : Example 1/3
First((E) ={i,(} Empty(E) Follow(E) =[]
First(g’) =1 } Empty(E’) f{D} FoIIowE) =0
i) S ETeT) Sy FollowTh = G
First(F) ={i1,(} Empty(F) D} Follow(F) =[]

0) FoIIow(E) = {$}
1)F - ( E) OP: addFirst()) ={)} to Follow(E)
¢
Summary: Fgllow(E) ={%,)}
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E - TE OP: addFirst(E’) ={+} to Follow(T)
;t €
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Follow(X) for er : Example 1/3
First((E) ={i,(} Empty(E) Follow(E) =[]
First(g’) =1 } Empty(E’) f{D} FoIIowE) =0
i) S ETeT) Sy FollowTh = G
First(F) ={i1,(} Empty(F) D} Follow(F) =[]

0) FoIIow(E) = {$}
1)F - ( E) OP: addFirst()) ={)} to Follow(E)
¢
Summary: Fgllow(E) ={%,)}
2)E - TE"_'_,I] P. addFollow(E) ={$, )}to Follow(E")
e: Empty(¢) ={¢&}
E - TE OP: addFirst(E’) ={+} to Follow(T)

¢8
E_>TE L] P:

EmptY(E’) =1{&}




31/57

Foll ow(X) for er . Example 1/3
First((E) ={i,(} Empty(E) Follow(E) = [
First(E’) := } Empty(E’) —{D} Follow(E’) := [
First(T) ={1,(} Empty(T) Follow(T) =0
First(T') = } Empty(T") —{D} Follow(T") := [
First(F) =1, (} Empty(F) Follow(F) := [

0) FoIIow(E) = {$}
1)F - ( E) OP: addFirst()) ={)} to Follow(E)
¢
Summary: Fgllow(E) ={%,)}
2)E - TE"_'_,I] P. addFollow(E) ={$, )}to Follow(E")
e: Empty(¢) ={¢&}
E - TE OP: addFirst(E’) ={+} to Follow(T)

T
E S TE O0P: addFollow(E) ={$, )}to Follow(T)

EmptY(E’) =1{&}
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Foll ow(X) for er : Example 1/3
First((E) ={i,(} Empty(E) Follow(E) =[]
First(g’) =1 } Empty(E’) —{D} Follow(E") : =0
First(T) = I, (}  Empty(T) Follow(T) =0
First(T") = } Empty(T") —{D} Follow(T") =0
First(F) L, (}  Empty(F) Follow(F) =[]

0) Follow(E) := {$}

DF ~ (E)OP: addFrs()={} o Follow(E)

¢ €
Summary: Follow(E) = {$, )}

2)E - TE"_'_,I] P. addFollow(E) ={$, )}to Follow(E")
e: Empty(¢) ={¢&}
E - TE OP: addFirst(E’) ={+} to Follow(T)

T
E S TE O0P: addFollow(E) ={$, )}to Follow(T)

Empty(E’) ={¢}
Summary: Follow(E’) = {$, )}, Follow(T) = {+, $, )}
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Follow(X) for er . Example 2/3
Firs(E) ={i, ( Empty(E) Follow(E) := $g
First(g’) =1 } Empty(E’) f{D} FoIIowE) = $,i
E:g P) = }(} E%P) _{ 58”%% g
First(F) ={I,(} Empty(F) D} Follow(F) =[]
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Follow(X) for er ' Example 213

First((E) ={i,(} Empty(E) Follow(E) = g
First(g’) = +} Empty(E’) f{D} FoIIowE)_— $, Sl
First(T) ={1,(} Empty(T) Follow(T) := )}
First(T") f } Empty(T") —{D} FoIIowT) =
First(F) L, (}  Empty(F) Follow(F) =[]

3)E' - +TE’_ [1P: addFollom(E’) ={$,)} to Follow(E’)
e. Empty(e) ={¢}
E - +T§_, OP: addFirst(e’) ={+} to Follow(T)

E +TE_, OP: addFollow(E’) ={$,)} to Follow(T)

Empty(E’) = {€}
Summary: Nothingis change
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Follow(X) for er ' Example 213

First((E) ={i,(} Empty(E) Follow(E) = g
First(g’) = +} Empty(E’) f{D} FoIIowE)_— $, Sl
First(T) ={1,(} Empty(T) Follow(T) := )}
First(T") f } Empty(T") —{D} FoIIowT) =
First(F) L, (}  Empty(F) Follow(F) =[]

3)E' - +TE’_ [1P: addFollom(E’) ={$,)} to Follow(E’)
e. Empty(e) ={¢}
E - +T§_, OP: addFirst(e’) ={+} to Follow(T)

E +TE_, OP: addFollow(E’) ={$,)} to Follow(T)

Empty(E’) ={¢}
Summary: Nothingis change

NHT - FT‘_'_,D P: add Follow(T) ={+, $, )} to Follow(T")
e: Empty(e) = {€}

T o FT 1 P: add First(T’) ={*} to Follow(F)

T > FT [ P: add Follow(T) ={+, $, )} to Follow(F)

Empty(T ) ={¢}
Summary: Follow(T") = {+, $, )}, Follow(F) = {*, +, $, )}
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Follow(X) for er Example 3/3
Firs(E) ={i, ( Empty(E) Follow(E) := $g
First(E’) =1 } Empty(E’) f{D} FoIIowE) .= $i
rsith S0 BB S Edllowt) = s )
First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}
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Follow(X) for er . Example 3/3

First(E) :={1, Empty(E) Follow(E) := $,g
First(E') :={+} Empty(E) f{D} FollowE) = $Sl
hStTh S0 EmstTh g FolloTh = n s )]
First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}

5)T - *FT_OP: add FoIIow(T) {+ $, )} to FoIIOW(T)
e. Empty(e) = {€}
T 5 *FT D P: “add First(T’") = {*} to Follow(F)

T S *FT I] P: addFollow(T’) ={+, $, )}to Follow(F)

Empty(T) {€}
End: Nothing Is change
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Follow(X) for er . Example 3/3
Firs(E) ={i, ( Empty(E) Follow(E) :={$, g
First((E’) =1 +} Empty(E’) := {D} Follow E) =19, i
FraiT) S bt | ={ Follow(T) =145, ]
First(F) :={i;} Empty(F) D} Follow F) =%+ 5}

5)T - *FT_OP: add FoIIow(T) {+ $, )} to FoIIOW(T)
e. Empty(e) = {€}
T 5 *FT D P: “add First(T’") = {*} to Follow(F)

T S *FT I] P: addFollow(T’) ={+, $, )}to Follow(F)

Empty(T) {€}
End: Nothing Is change

- Follow(E) = {9,
Summary: o ow E)) = $,@
Follow(T) ={+, %,
Follow(T") :={+, $,
Follow(F) ={*, +
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SetPredict

Gist: Predic{A - Xx) Is the set of all terminals that
can begin a string obtained by a derivation

started by usingA - X.

Definition: LetG= (N, T, P, S be a CFG. Foy
everyA - x P, we definePredict(A — x)
so that
o If Empty(x) = {€} then

Predict(A - x) = First(x) U Follow(A)
o If Empty(x) = then

Predict(A - x) = First(x)
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SetPredict(A - X, X,...X): lllustration

Empty(X, X,.. X ) =0 vs. Empty(X X,...X ) = {€}
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SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X X.... X ) = {€}

—

a dFirst(X, X,..X )
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SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X, X,.. X ) = {E}

—

:
:

I

a5

I

e )
B '

a dFirst(X, X,..X )
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SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X, X,.. X ) = {E}

—

Xaf [Xo] X
g el |
>
a dFirst(X, X,..X )
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SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X, X,.. X ) = {E}

—

: or S
|
PG X i
o el o v hEex
= .

a dFirst(X, X,..X )
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SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X, X,.. X ) = {E}

—

: or S

|
|
|
K| 155 - 4K, :
|
1 I
el oy )
e |
a t First(X,X,...X)
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SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X, X,.. X ) = {E}

—

)(1 X2 "'Xn

1 1 1
] XI ‘ 11 1
.
a dFirst(X, X,..X )

or >

T 1T I

£ & Efa] )y,
E



35/57

SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X, X,.. X ) = {E}

—

: or S
:
Pl 1K i
ri D RESEE e R
I ! € 3

a U First(X, X,..X ) EI = the current input symbol @ [ Follow(A)
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SetPredict(A - X, X,...X): lllustration

Empty(xlxz...xn) =0 vs. Empty(X, X,.. X ) = {E}

: or =
:
|
Kaf o] - X4 |
1 1 1 : 1 I
‘a‘ I |X| ~ -~ -~ a‘ |y|
| & I

all FIrSt(X LX) EI the current input symbol a L1 Follow(A)
Summary: |f Empty(X, X,... X ) = {€} then

Predict(A - X X....X ) = First(X X,...X_) O Follow(A);
otherwisePredict(A - X X,...X ) =First(X, X,...X )
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Predict(A - X) for er Example 1/¥
FiIrs(E) ={i, ( Empty(E) Follow(E) := $g
First(g’) =1 } Empty(E’) f{D} FoIIowE)_f $ i
rsith S0 BB S Edllowt) = s )
First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}
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Predict(A - X) for er Example 1/¥

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) f{D} FoIIowE) .= $i

rsith S0 BB S Edllowt) = s )

First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}
E o TE’

Empty(TE’) =0 becausd&mpty(T) = [
Predict(l) :=First(TE’) = First(T) ={i, (}
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Predict(A - X) for er Example 1/¥

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) f{D} FoIIowE) .= $i

rsith S0 BB S Edllowt) = s )

First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}
E o TE’

Empty(TE’) =0 becausd&mpty(T) = [
Predict(l) :=First(TE’) = First(T) ={i, (}

B - +TE’
Empty(+TE’) = 0 becausé&mpty(+) = [
Predict(?) .= First(+TE’) = First(+) = {+}
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Predict(A - X) for er Example 1/¥

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) f{D} FoIIowE)_f $i

rsith S0 BB S Edllowt) = s )

First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}
E o TE’

Empty(TE’) =0 becausd&mpty(T) = [
Predict(1) :=First(TE") = First(T) = {i, (}
B’ - +TF’
Empty(+TE’) = 0 becausé&mpty(+) = [
Predict(?) :=First(+TE") = First(+) = {+}
B > ¢
Empty(e) ={¢€}
Predict(3) :=First(e) O Follow(E’') =0 O {$, )} = {$, )}
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Predict(A - X) for er Example 1/¥

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) f{D} FoIIowE)_f $i

rsith S0 BB S Edllowt) = s )

First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}
E o TE’

Empty(TE’) =0 becausd&mpty(T) = [
Predict(1) :=First(TE") = First(T) = {i, (}
B’ - +TF’
Empty(+TE’) = 0 becausé&mpty(+) = [
Predict(?) :=First(+TE") = First(+) = {+}
B > ¢
Empty(e) ={¢€}
Predict(3) :=First(e) O Follow(E’') =0 O {$, )} = {$, )}

T > FT°
Empty(FT’) = O becaus&mpty(F) = [
Predict(4) :=First(FT") = First(F) =i, (}
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Predict(A - X) for er Example 217
FiIrs(E) ={i, ( Empty(E) Follow(E) := $g
Firs(E') :={+}  Empty(E') ={D} FOHOWE) = $i
rsith S0 BB S Edllowt) = s )
First(F) :={i;} Empty(F) D} Follow(F) :={* + $,)}
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Predict(A - X) for er Example 217

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) f{D} FoIIowE)_f $i

rsith S0 BB S Edllowt) = s )

First(F) :={i,(} Empty(F) D} Follow(F) :=y*, + 5 )}
T S ET

Empty(*FT') = U becaus&mpty(*) = [
Predict(5) :=First(*FT') = First(*) = {*}
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Predict(A - X) for er Example 217

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) f{D} FoIIowE)_f $i

rsith S0 BB S Edllowt) = s )

First(F) :={i,(} Empty(F) D} Follow(F) :=y*, + 5 )}
T S ET

Empty(*FT’) =0 becaus&mpty(*) =0
Predict(5) .= First(*FT’) = First(*) = {*}
N RN 5
Empty(€) ={€}
Predict(6) := First(e) O Follow(T") =0 O {+, $,)} ={+, $, )}
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Predict(A - X) for er ' Example 2/¥

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) —{D} FoIIowE)_f $i

ratth =0 Eth S Folamth = s ]

First(F) :={i,} Empty(F) D} Follow(F) :={* + $,)}
T - *FT

Empty(*FT’) =0 becaus&mpty(*) =0

Predict(5) .= First(*FT’) = First(*) = {*}
T - €

Empty(e) ={e}

Predict(6) ;= First(e) O Follom(T) =0 O {+, $,)} = {+, $, )}
F - (E)

Empty((E)) = 0 becausé&mpty(() =

Predict(/) := First((E)) = First(() = {(}
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Predict(A - X) for er ' Example 2/¥

FiIrs(E) ={i, ( Empty(E) Follow(E) := $g

First((E’) =1 +} Empty(E’) —{D} FoIIowE)_f $i

ratth =0 Eth S Folamth = s ]

First(F) :={i,} Empty(F) D} Follow(F) :={* + $,)}
T - *FT

Empty(*FT’) =0 becaus&mpty(*) =0
Predict(5) .= First(*FT’) = First(*) = {*}
N RN 5
Empty(€) ={€}
Predict(6) := First(e) O Follow(T") =0 O {+, $,)} ={+, $, )}

F - (E)

Empty((E)) = 0 becausé&mpty(() =
Predict(/) .= First((E)) = First(() = {(}

F
Empty(i) = [
Predict(%) :=First(i) = {i}
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Construction of LL Table

a

a(A,a)=A - X X,.. X OPif

a(A, a) =~ |la O Predict(A - X X,...X,):

otherwiseg (A, a) is blank.
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Construction of LL Table
a a

a(A,a)=A - X X,.. X OPif

A a(A, a) =~ |la O Predict(A - X X,...X,):
otherwiseg (A, a) is blank.

Task: LL table for G4 Rule Predic{()
1T s] E-TE 110
= B’ - +TE| {+}
= B o ¢ {$,)}
T T - FT | {i, ¢
T T - *FT'| {*}
|: :“’ - & {+1 $1 )}
F - () [0
F o {i}
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Construction of LL Table
a a

a(A,a)=A - X X,.. X OPif

A a(A, a) =~ |la O Predict(A - X X,...X,):
otherwiseg (A, a) is blank.

Task: LL table forGeXprl Rule Predic{r)
T L I(DTs] e -Te 40
E’ | O Predici(1) E’ : e §$})}
T | 0 Predic(4) - EET %}(}
— S I
r | 0 Predic(©) - S
Construct the rest | E - i(E) {i(}
analogically. I 0,
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Parsmg Based on LL Table: Exam|p|e

E - TE" ©5:
B - +TE’ :T_>:~:
E - ¢ F - (E)

T ——mIm

T - FT' 8 F |

Question:i * | 0 L(Ggypyra)?
E
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Parsmg Based on LL Table: Exam|p|e

= E o TE® 5:
E’ E —>+TE :T — &
T E - ¢ F - (E)
T T - FT' 8F 5|
F
Question:i * | 0 L(Ggypyra)?
E
~ —
T E
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Fl
| €




39/57

Parsmg Based on LL Table: Exam|p|e

= 'E - TE' &5
E’ E' o 4TE’ :T S €
T B’ > € F - (E)
T T - FT' 8F S
F
Question:i * | 0 L(Ggypyra)?
E
~ —
AT
SR
=
| €
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Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )
lllustration:




40/57
LL Grammarswith -rules Definition

Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )
lllustration:




40/57

LL Grammarswith -rules Definition

Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )

lllustration:
Ruler;:




40/57

LL Grammarswith -rules Definition

Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )

lllustration:
Ruler;:

a 0 Predict(A — X X,...X )



40/57

LL Grammarswith -rules Definition

Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )

lllustration:
Ruler;:

a 0 Predict(A — X X,...X )



40/57

LL Grammarswith -rules Definition

Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )

lllustration:

a 0 Predict(A — X X,...X )



40/57

LL Grammarswith -rules Definition

Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )

lllustration:

a0 Predict(A —» X, X,..X ) alOPredict(tA - Y,Y,..Y )



40/57

LL Grammarswith -rules Definition

Definition: LetG= (N, T, P, S be a CFGG is an
LL grammar if for everya J T and evenA L1 N
thereisnomorethanoneA-rule A - X, X,.. X OP

such thatl Predict(A - X X,...X )

lllustration: Ruled out in an LL grammar

a0 Predict(A —» X, X,..X ) alOPredict(tA - Y,Y,..Y )
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LL Analyzer Implementation

1) Recursive-Descent Parsing

 Each nonterminal is represented

Its analysis:
Ruler;:

Dy a procedure, which perforn

function A: boolean
begin

{ X, analysis}

{ X, analysis}

{X_ analysis}

Input string end
2) Predictive Parsinc
e Table-driven syntax analyzer with pushdown

*ﬁ

Input string

_These symbols are

In the pushdown.
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Recursive Descent: Example 1/4

Procedure GetNextToken,;
begin
{ this procedure get the next token to global variabd&en™}

eForEN:Rulel: E 5 TE’

function E: boolean; ||+ |+ NS
begin =
E :=false; ~ E’ —
ﬁtokenln[ i ("then
{S|mulat|on of rulel: E 5 TE } T,
E:= T and EI; T
end: F
; For T [ NT: Féul? T - FT°
unction . boolean; B
begin (IS
= false; p E
|f token in [ i (" then E’ |
{ simulation of rules: T = FT } T
T = F and T3, T
end; E
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Recursive Descent. Example 3/4

e ForE’ OON: Rules?: E'" - +TE’, 3:E" - €

function E1: boolean;
begin
E1 :=false;
If token =" +' then begin
{ simulation of rule2: E’ - +TE’ }
GetNextToken,;

E1l ;= T and EI1;
end m
else A

if token in [’ )Lt $7then
{ simulation of rulez: E' - €}
E1l :=true;

T——mm

end:
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Recursive Descent: Example 3/4

e ForT" OON: Ruleso: T" - *FT7, 6: T - €

function T1: boolean;
begin P (IS
T1 :=false; E
If token =" *"then begin E’
{ simulation of rule5: T' - *FT’ } T
GetNextToken; T
1 = F and TI1; F
end
else — A —
if token in [’ +,' ), $']then
{ simulation of rulet: T' - €}
T1 :=true;

end:
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Recursive Descent: Example 4/4

e ForF ON:Rules’:F - (E), & F > |
function F: boolean:

begin :
gIJ:::faIse; DS
If token =" (' then begin E
{ simulation of rule/: F - (E) } E’
GetNextToken; T
If E then begin T
F .= (token =" )", = =
GetNextToken; —
end,; :
end p |:| Main body:
else begin
If token =" | ' then begin GetNextToken;
{ simulation of rules: F - 1} If E then
F =true; write("  OK)
GetNextToken; else
end; write(' ERROR

end: end.
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Recursive Descent: lllustration fon$

Start:

Input string:

1*1 %
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

Input string: For token =1.

) Call T, Call E1
it i s

T:
For token =1I:
CallF, Call T1




46/57

Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

Input string: For token =1.

: Call T, Call E1
i s
T.

I':or token =1:
CallF, Call T1

i:or token =1:
GetNextToken
Return RUE:
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

Input string: For token =1.

: Call T, Call E1
i s
T.

I':or token =1:
CallF, Call T1

i:or token =1:
GetNextToken /
Return RUE; _
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

Input string: For token =1.

$ Call T, Call E1
T.

I':or token =1:
CallF, Call T1

T1:

i:or token =1: Fbr token =*:
GetNextToken GetNextToken
Return TRUE: CallF, Call T1
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

Input string: For token =1.

W Call T, Call E1
I

T:
For token =1I:
CallF, Call T1

F: T1:
For token =1: TRUE For token =*:
GetNextToken / GetNextToken
Return TRUE: CallF, Call T1

'For token =1:
GetNextToken
Return RUE
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

Input string: For token =1.

W Call T, Call E1
I

T:
For token =1I:
CallF, Call T1

F: T1:
For token =1: TRUE For token =*:
GetNextToken / GetNextToken
Return TRUE: CallF, Call T1

For token =1: | TRUE |

GetNextToken
Return RUE /
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

Input string: For token =1.

W Call T, Call E1
|

T:
For token =1I:
CallF, Call T1

F: T1:
For token =1: TRUE For token =*:
GetNextToken / GetNextToken
Return TRUE: CallF, Call T1

= T1:

For token =1. | TRUE | | For token = $:
GetNextToken / Return TRUE;
Return I RUE;
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Recursive Descent: lllustration fon$

Start: GetNextToken

Input string: For token =i:
W Call T, Call E1
I
T:
For token =1I:
CallF,Call T1
F: T1:
For token =1I: TRUE For token =*:
GetNextToken / GetNextToken
Return TRUE: CallF, Call T1
— T1:
For token =i: || TRUE | | For token =$:

GetNextToken / Return TRUE;
Return RUE




Input string:

Return | RUE

i:or token =1:
GetNextToken
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

I':or token =1:
CallF, Call T1

'/

I':or token =1:
Call T, Call E1

| TRUE |

T1:
For token =*:
GetNextToken

CallF, Call T1

T1:

'For token =1:
GetNextToken
Return RUE

| TRUE |

_/

Eor token = $:
Return RUE:;




Input string:
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Recursive Descent: lllustration fon$

Start: GetNextToken
CallE; E:

m |TTRUE |

Return | RUE

i:or token =1:
GetNextToken

I':or token =1:
CallF, Call T1

'/

I':or token =1:
L Call T, Call E1

| TRUE |

T1:
For token =*:
GetNextToken

CallF, Call T1

T1:

'For token =1:
GetNextToken
Return RUE

| TRUE |

_/

Eor token = $:
Return RUE:;
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Recursive Descent: lllustration fon$

Start: GetNextToken
Input string: For token =i:
; ,Call T, Call E1
aaaEfuzag
T: E1:
For token =1i; For token =$:
CallF, Call T1 Return TRUE;

| TRUE |

T1:

i:or token =1: Fbr token =*:
GetNextToken / GetNextToken
Return TRUE: CallF, Call T1

T1:

'For token =1:
GetNextToken
Return RUE

| TRUE |

_/

Eor token = $:
Return RUE:;
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Recursive Descent: lllustration fon$

Start: GetNextToken

CallE; =
Input string: For token =i:
: L,Call T, Call E1
m [TRUE | TRUE
T: E1:
For token =i: For token =$:

CallF, Call T1 Ikl Return TRUE;
TRUE

F: T1:
For token =1: TRUE For token =*:
GetNextToken / GetNextToken
Return TRUE: CallF, Call T1

T1:
For token = $:
Return RUE:;

For token =1: | TRUE |

GetNextToken
Return RUE /
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Recursive Descent: lllustration fon$
Start: GetNextTok
TG

Input string: For token =1.

- L Call T, Call E1
m [TRUE | TRUE
T.

: E1:
For token =1i: For token =$:

CallF, Call T1 Ikl Return TRUE;
TRUE

F: T1:
For token =1: TRUE For token =*:
GetNextToken / GetNextToken
Return TRUE: CallF, Call T1

T1:
For token = $:
Return RUE:;

Fortoken =1: | [ TRUE |

GetNextToken
Return RUE /
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Predictive Parsing

 Model of table-driven syntax analyzer

Input string:

o la] ... 1a] - [al5]
Pushdown: l

y Table-driven LL Table

syntax analyze

4

Left parse= sequence of rules used in the leftmost
derivation of the input string.

B




. Outpﬁt Left parse ok |f X D L(G) otherW|se error

e Method:
e pushf) & push(S) onto the pushdown,;
* while the pushdown is not emptip
e let X = the pushdown top arm= the current token
» caseX of:
e X=%: if a=%thensuccess
elseerror;
e XUOT: 1If X=athenpop(X) & read nexa from
Inpul string
elseerror;

e XON: 1If r: X - x0OLL-tablefX, a] then
replaceX with reversal{) on the
pushdown & write to output
elseerror;

end
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TableDriven Parsing: Examplé

= [ CDI$] Input string: 1 %1 $

Pushdowr] Input Rule Derivation

E
E
=
T
F

Rules:

'E o TFE
E’ 5 +TFE’
E > €

T 5 FT

T = *FT’

T S €
' F - (E)

F S
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E
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TableDriven Parsing: Examplé

= [ CDI$] Input string: 1 %1 $

Pushdowr] Input Rule Derivation

$E *IS|-E - TE [E=TE
$e'T  |ixi$|4T o FT' | =ETE

E
E
T
T
F
Rules:

E - TE’
B 5 +TE
B 5 €

T - FT
T S *FT’

T - €
' F _>_(E)
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TableDriven Parsing: Exampl}

= [ CDI$] Input string: 1 * 1 $

E Pushdowr] Input Rule Derivation
E $E *i$| .E - TE' |[E=TFE’
; SE'T *I$| 4T - FT =FTE’
= $E'T'F |i*i$|a:F =i = iTE
Rules:

'E - TE’

B 5 +TE’

B - €

T - FT

T 5 *FT°

T 5 €

F > (E)

F S
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TableDriven Parsing: Exampl}

= [ CDI$] Input string: 1 * 1 $
E Pushdowr] Input Rule Derivation
E’ $E *i$| LE - TE |[E= IE
- se'T  |i*is|4T o FT | = ETE
= $E'T'F |i*i$|3:F =i = iTE
Rules: SE'T'_™1$
'E 5 TE
B’ - +TE
B 5 €
T - FT°
T - *FT
T 5 €
' F - (E)
F S




+1x1(])

$
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TableDriven Parsing: Exampl}

E
E
-
T
E
R

' E
B’
B’

ules:

- TFE
> +TFE’
— €

> FT’

"o *FT

- €
- (E)

Input string: i * 1 $

Pushdowr] Input Rule Derivation
$E *1$| 1:E - TE" |[E=TFE’
SE'T *I$| 4T - FT = FTFE
SE'T'F |iI*1$|S:F =i = ITFE
$E’"’i\/i*i$

SE'T I |5:T - *FT'| = I*FETE’




i+*(

)

$
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TableDriven Parsing: Examplé

Input string: i * 1 $

Pushdowr] Input Rule Derivation
$E *1$| 1:E - TE" |[E=TFE’
SE'T *I$| 4T - FT = FTFE
SE'T'F |iI*1$|S:F =i = ITFE
$E’"’i\/i*i$

SE'T I |5:T - *FT'| = I*FETE’
SE'TF:l%i$




+ 1 |(

)

$
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TableDriven Parsing: Examplé

Input string: i * 1 $

Pushdowr] Input Rule Derivation
$E *1$| 1:E - TE" |[E=TFE’
SE'T *1I$14:T - FT” = FTFE
SEETF |iI*I$|S:F - | = ITFE
$E’"’i\/i*i$

SE'T I |5:T - *FT'| = I*FETE’
SE'TF:l%i$

SE'T'F |1$ F oo = I*IT'E’
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TableDriven Parsing: Examplé

Input string: i * 1 $

Pushdowr] Input Rule Derivation
$E *1$| 1:E - TE" |[E=TFE’
SE'T *I$|1 4T - FT = FTFE
SE'T'F |i*i$|S:F = | = ITFE
$E’"’i\/i*i$

SE'T *1$ T - *FT'| = I*FETFE
SE'TF:l%i$

SE'T'F |I1$ F S = I*IT'E’
SE'T'I_ IS
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Input string: i * 1 $

Pushdowr] Input Rule Derivation
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TableDriven Parsing: Examplé

Input string: i * 1 $

Pushdowr] Input Rule Derivation
$E *1$| 1:E - TE" |[E=TFE’
SE'T *I$| 4T - FT = FTFE
SE'T'F |iI*1$|S:F =i = ITFE
$E’"’i\/i*i$

SE'T I |5:T - *FT'| = I*FETE’
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TableDriven Parsing: Examplé

Input string: i * 1 $

Pushdowr] Input Rule Derivation
$E *1$| 1:E - TE" |[E=TFE’
SE'T *I$| 4T - FT = FTFE
SE'T'F |iI*1$|S:F =i =ITE
$E’"’i\/i*i$

SE'T I |5:T - *FT'| = I*FETE’
SE'TF:l%i$

SE'T'F |i$ F S = I*IT'E’
$E’"’i\___,i$

SE'T $ T 5 € = I*IE’
$E’ $ o = = i*]

$ $




()

$

T ——mim
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TableDriven Parsing: Examplé

Rules:

E 5 TE’
E’ 5 +TFE’
B 5 €
T - FT°
T S5 *FT°
. - €

' F - (E)
F S

Input string: 1 * 1 $

Pushdowr] Input Rule Derivation
$E *I$||I:E - TE' |[E=TE’
SE'T *1$ 14T - FT = FTE’
SEETF |iI*I$ |8 F - | = ITE’
$E’"’i\__J*i$

SE'T I |5:T - *FT'| = 1*FETFE
SE'TF:l%i$

SE'T'F |i$ F S = I*IT'E’
$E’"’i\___,i$

SE'T $ T S € = I*IE"
$E’ $ o = = i*]

$_ $ Success

Left parse:
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Handling Errors: Introduction

Basic idea Two kinds of errors:
e Unexpected token

* No rule applicabl
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Handling Errors: Introduction

Basic idea Two kinds of errors:
e Unexpected token

* No rule applicabl

ki o N
75N
\ \
\ N\
| | | |
| X | a ‘ | y | ‘
‘ Key

Note: a 1 Follow(A)

A wrong token
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PanicMode (Hartmann) Error Recove}ry

e Let Contex{A,) =
Follow(A,) [
Follow(A.)

Follow(A..)

repeat

|+ a:= GetNextToken;
{These tokens are skippe

until ain Contex(A,)

If ain Follow(A) then
continue with parsing from

a wrong token ‘ the symbolX..
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PanicMode Recovery: lllustration/2
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PanicMode Recovery: lllustration/2

‘ a wrong token‘
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PanicMode Recovery: lllustration/2

‘awrong token‘ ‘ First token fromContex(A,) |
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PanicMode Recovery: lllustration/2
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PanicMode Recovery: lllustration/2

First token fromContex(A,)
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PanicMode Recovery: lllustration/2

Let a [ Follow(A,).
Then, continue frorX,

‘ a wrong token ‘ ‘ First token fromContex(A,) |
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Context(X) for Predictive Parser: Variant |

For G=(N,T,P,9S),
Contex(A) = Follow(A) for every A I N

* Method:
* Let A be puskdowntop & no rule Is applicable:
* repeat
a .= GetNextToken;
{These tokens are skipped}
until ain Contex(A)
* popA from the pushdown
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Variant |: Example

<pr0g>

<st-list>

begin|l id|f|:=|* *id +i1d ; write Id ; end
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Variant |: Example

<pr0g>

<st-list>

=[*]* id + id ; write id ; end
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Variant |: Example

<pr0g>

<st-list>

Follow(<expr>)
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Variant |: Example

<pr0g>

<st-list>

Follow(<expr>)
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Context(X) for Predictive Parser: Variant| Il

For G=(N,T,P,9S),
Contex(A) = First(A) O Follow(A) for every A I N

* Method:
* Let A be puskdowntop & no rule Is applicable:

* repeat
a .= GetNextToken;
{These tokens are skipped}
until ain Contex(A)

e If A
else

Pop A from the pushdowiY a

First(A) then resume according @

Follow(A)
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Variant |I: Example

<pr0g>

}S’[-|IS’[>
<S/tat>
<assign>

<expr>

pbegin|l id|f|:=|* * id +i1d ; write Id ; end




57/57

Variant |I: Example

<pr0g>

>st-llst>
<S/tat>
<assign>

sexpr>

pbegin|| id|| :=||*|* id +id ; write Id ; end
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Variant |I: Example

<pr0g>

>st-llst>

<S/tat>
<assign>

sexpr>

+1d

(id)

write 1d : end

First(<expr>)
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Variant |I: Example

<pr0g>

}S’[-|IS’[>

<S/tat>
<assign>

sexpr>

+1d | :

(id)

write! 1d : end

First(<expr>)



