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Kapitola VII.
Syntakticka analyza
shora dohi
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SA shora dal: Uvod

Problém: Myslenka:
Tabulka:
a a
A

Pouzijir: A - X

Otazka: Je mozné sestrojit tuto
tabulku praibovolnou BKG?

Odpovéd’: NE
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Vybér pravidla pomoci tabulky

Tabulka:
a] - [ @ PoUZijry: A — X X,...X_
A a(A, a) 7
Pouzit: A — Y,Y,. Y.
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MysSlenka: First(x) je mnozina vSech terminad,
kterymi mize z&inat retézec derivovatelny zx

Definice: Nect G=(N, T, P, § je BKG. Pro
kazdéx O (N O T)" je definovand-irst(x) jako:
First(x) ={a: a0 T,x="ay,yd(NOT)}.

llustrace: ¢ =
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LL gramatika bez-pravidel

Definice: Nec G=(N, T, P, S je BKG bez

e-pravidel.G je LL gramatika, pokud pro kazdéa
[ aA [ N existujemaximalné jedno pravidlo
A - X X,..X 0P takove, zeall First(X,X,...X )

llustrace: Nesmi nastat v LL—gramaticeTabUIka:

o

a td First(X,X,...X )

Pouze pravid
ris A - X X,...

O.
><n
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Jednoduchy programovaci jaz{J)

<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 Pozn.:G,p;je LL_gramatika
Piiklad: | begin
read I;
| := add(i, 1); JPJ
write J;
end
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Algoritmus: First(X)

e \/stup: G=(N, T, P, S beze-pravidel

 \Vystup: First(X) pro kazdex

N

* Metoda:
e pro kazdéa I T: First(a) := {a}

* Pouzive] nasledujici pravidlo, dokud bude moznée

meénit néjakou mnozinu First:

o if A - X X,...X_ 0P, then pridej First(X,) doFirst(A)

llustrace:
1) pro kazdéa O T. 2)
First(a) .= {a},
protozea =° a

=P A O First(A)

Ny
Ny
by
8

a|=» aldFirst(X,)
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First(X) proJPJ Priklad

-irst(beqgin) = {begin} First(id) := |d} —irst(,) =
-irst(en = eng} Cirst(int)  :={int}  First(() :=
First(read) :={read} First(:=) :={=} First()):=
First(write) ={write} First(add) :={add} First(}):=
<item> - id OP: pride| First(id) do First(< tem>
<item> - Int JP: pride) First(in t) do First(<item>
Celkové: First(<item>)  ={id, int}

<it-list> - ) 0OFP: pride Firstg); do F|rstg<|t |IS’[>3
<it-list> - , ... OP: pride] First do First(<it-list>
Celkové: First(<it-list>) =1{), ,}

<stat> - id ... [ P:  pride] First(id) do First(<stat>
<stat> - write ... O P: prlde FIrStEWFI'[e)dO First(<stat>
<stat> - read ... OP: pride] First(read) do First(<stat>
Celkové: First(<stat>) = {id, write, read}

<st-list> - end U P: pridej Flrst(end) do First(<st-list>)
<st-list> - <stat>... U P: pridej First(<stat>)do First(<st-list>)
Celkoveé: Flrst(<st-llst>) = {id, write, read, end}

<prog> - be L1 P: prldej Flrst( eqin) do First(<prog>)

Celkove: First <prog>)

= {beqgin}
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Konstrukce LL-tabulky

0 a
I I T

a(A,a) =A - X X,..
pokuda [ First(X,); jinak a(A,
a) Je prazdné= CHYBA

X OP

ku

Witvorme: LL tabu
Id mt‘ = ‘
~prog> id O
<st-list> First(<stat>)
<stat> id O First(id)
<it-list> I
<item> id O FlrSt(ld)

Zbytek vytvorime
analogicky.

Prav.r: A - X, X,...X, | First(X,)
<prog> - begin...fbeqin
<st-list> - <stat>..Kid, write, read}
<st-list> - end {end}
<stat> - read... {read}
<stat> - write ...{write}
<stat> - id... [id}
<it-list> - | ... {}
<it-list> ) {)}
<item> - int {int}
<item> - id {id}
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SA zalozena na Litabulce: Fiklad

<prog> - begin<st-list> <stat> - id:=add(...
<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] | (4 1 :[:=]adag

<st-list>

<stat>

<it-list>

<item>

Zdrojovy program : <prog>

<st-list>

begin write 25; end

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

Lexikalni beqin_ _write i_rllt . _end
analyzétor ‘ begm“wrlte H%HEI end
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LL gramatiky: Usg3né transformage

\V2D - d

llustrace:

Trida jazyka generovanych Trida jazyki
LL gram atikami generovanychBKG

* Nékteré BKG mohou byt pevedeny na ekvivalentni LL
gramatiky pomoci nasledujicich transformaci:

1) Faktorizace (vytykani)

2) Odstrarini levé rekurze

Pozn.:Pravidlo tvartA - Ax, kdeAON,xO(NOT)" se
nazyvaleve rekurzivni pravidlo
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Faktorizace (vytykani)

MysSlenka: Zamenit pravidla tvaru:
A - Xy, A 5 XY, ..., A - Xy, na:

A -X 0 sY 0 5 Yo o Y,
kde e novy neterminal
llustrace:
A
/\ ‘ |
X yn
Pfiklad

<stat> - write id <stat> - VZIme
<stat> - write Int - :nt
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Odstrargni levé rekurze

MysSlenka: Zanmenit pravidla tvaruA - Ax,

A-vzaA-y , Sx , > ,kde
je novy neterminél

Ilustrace ﬁ

Pfiklad

E - E+T

-~ = } ) e L +T
*

T-TF L o) 7.Fr70 oF

F - (E) F - (E)
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LL -gramatiky s-pravidly: Uvod

Proc e-pravidla?

e QOdstrarni leve rekurze vytvio e-pravidla
» e-pravidlacasto udlaji gramatiku gisté|Si*
Zjednoduseni tétocasti:
Budeme redpokladat, ze kazdy vstupnietézec je zakoren $.
Pozn..$ zn&i ,,zakorntovat”

Hlavni problém e-pravidel.
Pravidlo r: A - X X,..X_

Mozna:a [ First(A):

Pozn: Musime definovat dalsi mnozingmpty Follow a Predict.
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Gramatika pro aritmetické vyragy

* Gy = (N, T P E), kde

e N = {I:I: ", Fl

cT={,+ ()}

P={1.E - TE’, B’ - +TFE’,
B’ > €, T - FT7,
T - *FT7, T > €,
F - (B), F -1}

Priklad:

(1)1 +1) O L(Gexpra)
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MnozinaEmpty

MysSlenka: Empty(X) je mnozina, ktera obsahuje
jediny prvek g€, pokud x derivuje €, jinak je prazdna

Definice: Neclt G = (N T,P, S je BKG.
Emptyx) = {€} if x =7 e Jlnak
Empty(x) =0, kdex

llustrace: ?

X = xlxz...xn =" €

Emptyx) = {€}
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Algoritmus: EmptyX)

Vstup: G=(N, T, P, §
« Vystup: EmptyX) pro kazdy symbaoK LN [
* Metoda:
e pro kazdé 0 T: Emptya) := [
e pro kazdéA [ N:
if A - €0 Pthen EmptyA) = {&}
elseEmptyA) =1
* Pouzivej nasledujici pravidlo, dokud bude mozné
meénit néjakou mnozinu Empty.
oif A - X X,...X 0P and EmptyX) = {€} pro
vSechna =1, ...,nthen EmptyfA) := {€}
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Predchozi yoritmus llustrace

1) Pro kazdé& O T: Emptya) := O, protozea & €
2) Pro kazdé: A — € 00 P: EmptyA) := {€}, protoZzeA =1 g [r]
3) Pouzivej nasledujici pravidlo, dokud bude
mozné nenit néjakou mnozinu Empty:
o if A - X X,...X OPand EmptyX) = {€}

pro vsechna=1, ...,nthen EmptyfA) = {&}
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EmptyX) proG., ... Priklad

Gexpz = (N, T, P, E), kde:N={E,E", T, T, F}, T={I,+, %, (,)},
P={ 'E - TE', Z2FE - +TFE’, E—>£ T - FT°

:T’_>*FT’, T - €, F > (E),S:F i1}
Inicializace: Emptfi):=0 EmptfE) = O
Empt +;:: | EmptyE’) = {¢}
Empty * )= [ EmptyT) = [
Empt (g = [ EmptyT") :{E}

Empty )) =L Empty(F) =

« Z4dna Emptymnozina jiz nemize byt zménéna
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Algoritmus: First(X)

e Vstup: G=(N, T, P, S
 \Vystup: First(X) pro kazdéx

N

e Metoda:

meénit néjakou mnozinu First:

oif A - X X,.. X X, ...X [OPthen

K-1" "k**

e pro kazdéa I T: First(a) := {a}
e pro kazdéA [ N: First(A) =0
e Pouzive] nasledujici pravidlo, dokud bude moznée

* piidej vSechny symboly Eirst(X,) doFirst(A)
o If EmptyX) ={e}proi=1,...,k-1, kdek<n
then piidej vSechny symboly Eirst(X ) do

First(A)
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Predchozi algoritmudlustrace

1) pro kazdé I T: First(a) := {a}, protozea = a
2) pro kazdéA O N: First(A) := 0O (Inicializace)
3) Pouzive] nasledujici pravidlo, dokud bude
mozné nenit néjakou mnozinu First:
oif A - XX, ... X X ...X OPthen
3a) pride] vSechny symboly Eirst(X,) doFirst(A)
3b) if Empty(X)) ={¢€} proi=1,...,k-1, kdek<n
then piidej vsSechny symboly Eirst(X,) doFirst(A):
32| Al=—> a 0 First(a)| 3b: a O First(A)

N n
“Naa, ....l.ll.
]

L 4
|
[ |
L/

*

[\ ans’
a| = aoFirst(x,)

“‘

O First(X,)
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First(X) for G, .. Priklad

Inicializace: _'rS{ I+) ={i} -IrS{ E)) = [
Eirs = -irs = [
-irst( * ) = *j ~irst(T) = [
—1rst (g = 1 -irst(T") = [
=irst( ) ={)} First(F) = [
F - 10OP: pridej Flrstg& ii gg E:EEEK

F - (E)UP: pride] First
Celkove: First(F) =i, e}

T - *FT'OP: pridej First (*) ={*} do First(T’)
Celkove: First(T") = {*} _
T - FT"OP:  pride] First (F) ={i, (} do First(T)
Celkové: First(T) ={i, (}
E - +TE OP: pridej First (+) = {+} do First(E’)
Celkové: First(E’ {+i

- TE’ d d
(E:elkoTvE' ?IrPst(E)prl{leg}Flrst(T) {1, (} o First(E)

 Zadna First mnozina jiz nemize byt zménéna.
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First(X) & EmptyX) proG,,, . Celkow

= (N, T, P, E), kde:N =

{E,E",\T,T,F}, T={i,+,*,(,)},

exp|3

P={ 1:E - TE, 22E o +TE, qu T - FT’
T AfFTL 6T o6 F - (E)&F i)
MnoZzZina Empty Empty 1) = [ EmptyE) = U
pro véechna Empty +):= L EmptyE’) :{g

| Empty * ):= L EmptyT) =
XONOT: Em“(§:5 EmptfT’)  :={g}
Empty ) ) =0 EmptyF) = [

Mnozina First  First(1) :={i} First(E) =i, (}

pro véechna ::g{j ~ 4 ;:;g% -IE-)) ~ 1 }(}

XONLT: :!rst (g — 1 :irst T’) = }

Cirst() ) =1) -irst(F) =11, (§

Pozn.:.pro kazdéea I T:

Emptya) = U, First(a) = {a}
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Algoritmus: First(X. X,... X )

o Vstup: G=(N, T, P, 9); First(X) & EmptyX) pro
kazdeX ONOT,; x= XX X, kdex OO (N O T)*
* VVystup: First(X,X,...X )
* Metoda:
* First(X X,...X ) ;= First(X,)
* Pouzivej nasledujici pravidlo, dokud bude mozné #nit
mnozinu First(X X,...X X ...X )
o If Empty(X) ={¢}proi=1,...,k1, kdek<sn
then pridej vSechny symboly Eirst(X,) doFirst(X X,...X)

' Pozn.:First(e) =1
llustrace:

AX g ® a d First(X,X,... X)
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First(X.X,...X): Priklad

=(N,T,P,E), kde:N={E,E’", T, T",F}, T={i, +*, (, )},

exp|3
P={ 1:E - TE', 22E - +TE’, E_’g T - Fr
TETLGT le iF L @F )
— EmptyE) = [] FIrst(E) <= (}
I\/I_nozmy E[npty& Embpt E’) — {%ﬁ -Irst E’) - }
First pro vSechna EmptyT) = First(T) == {i, (}
X O N: EmptyT')  :={g} Firsy(T) := }
Embot F) = [] ~Irst F) — (}

Uréeme:First(E' T'FET)

1) First(E'T'FET) = First(E’) = {+}

2) First(F’LFET): pride] First(T’) = {*} doFirst(E'T'FET)
EmptyE’) ={ep | .

3) Flrst(F L@;pﬂdej First(F) ={i, 3 doFirst(E'T'FET)
EmptyE’) = EmptyT’) = {&}

Celkove: First(E'T'FET) ={+, *, i, (}
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Algoritmus: EmptyX. X,... X))

o Vstup: G=(N, T, P, S; EmptyX) pro vsSechna& LI N I T,
X=XX,...X, kdex O (NOT)*
* Vystup: EmptyX,X,...X)

* Metoda:
o If Empty(X) ={ €} pro vSechna =1, ...,nthen
Empty(X,X,...X ) := {€}
else
EmptyX,X,...X ) = [

| Pozn.: Emptye) = {&}

llustrace: ggg Empty(X,X,...X ) = {€}
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Empty X X,...X): Priklad

Gexps = (N, T, P, E), kde:N = {EE T,T,F}, T={i,+* ()}
P={ 1:E - TE’, 22E' - +TE",3E ¢, 4T - FT’

:T’_>*FT’, T > &, F - (BE),8:F 1}
2 EmptyE) = [
I\/Inozvlna Empty Empt{E") yr
pro vsechnaX U N: EmptyT) -
EmptyT") = {¢}
EmptyF) = [
Uréeme:EmptyE'T")

EmptyE’) = EmptyT’) = {€}, tedy EmptyE’'T") = {€}
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MnozinaFollow

MysSlenka: Follow(A) je mnozina vSech terminaik, které
se mohou vyskytovat vpravo odA ve Etne formé.

Definice: Neci G=(N, T, P, S) je BKG. Pro

vSechnal [ N definujeme mnozinéollow(A):

Follow(A) ={a: aO T, S=" xAay, x,y O (NOT)}
O0{$: S="xA,xO(NOT)}

llustrace:

S =" xAz =" xAay
mu s 0
a [d Follow(A) $ O Follow(A)
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Algoritmus Follow(A)

e Vstup: G=(N, T, P, 9);
 VVystup: Follow(A) pro kazdéA 1 N
* Metoda:
 Follow(S) = {$};
* Pouzive] nasledujici pravidlo, dokud bude mozné
ménit néjakou mnozinu Follow:
o if A -~ xByUO P then
« If y#¢€then
pride] vSechny symboly Eirst(y) do Follow(B);
* It Empty(y) = {€} then
pridej vSechny symboly Eollow(A) do
Follow(B);
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Predchozi algoritmudlustrace

1) Follow(S) := {$} |2) Pouzive] nasledujici pravidlo,
dokud bude mozné nénit Follow:

°|fA - XB DPthen
2a) if v # € then pridej vdechny symboly

Z First(y) doFol Follow(B)
2b) if Empty(y) = {€} then pridej vSechny
symboly zFollow(A) do Follow(B)

lA

a O Follow(B): 121 = € EE

h UL

Q....

EXn First(y) a0 Follow(B) *a Follow(A)
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Follow(X) pro GX . Priklad 1/3
First(t) ={i, ( mptyE) = Follow(E) =[]
First(E') := } Emot E) = {IZF Follow(E’) ;= [
First(T) ={1,(} EmptyT) := Follow(T) =11
First(T') = } Empty(T') _{IZF Follow(T") = [
First(F) ={I,(} EmptyF) Follow(F) =[]

0) FolIow(E) = {$}

DF - (E) O P: pride] First()) ={)} do Follow(E)

T
Celkové: Follow(E) = {$, )}

2)E - TE"_'_,D P. pridej Follow(E) ={$, )} do Follow(E")
£ Emptyc) = {&}
E o TE (1 P; piidej First(E') ={+} do Follow(T)
;t €
E - TE OP: pridej Follow(E) ={$, )} do Follow(T)

EmthE’) ={¢&}
Celkové: Follow(E’) = {$, )}, Follow(T) = {+, $, )}
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Follow(X) proG o ' PFl’kIad 2/3

First(E) ={i, (} mptyE) = Follow(E) := ;
First(E’) =1 } Emot E’) _f {IZF Follow(E’) :={$, é
Firsi(T)  :={i,(} EmptyT) Follow(T) := )
First(T") = } EmptyT") _{IZF Follow(T") :=
First(F) I, (}  EmptyF) Follow(F) := L[]

3)E' - +TE’ ‘_'_,D P: pridej Follow(E") ={8$, )}do Follow(E’)
e. Emptye) ={¢&}
E - +T§_, O P: pride] First(E’) ={+} do Follow(T)

E +T§_, O P: pridej Follow(E") ={$, )}do Follow(T)

EmptyE’) ={€}
Celkové: Nic heznéneno
NHT - FT‘_'_,D P: prridej Follow(T) ={+, $, )} do Follow(T")
e Emptye) = {&}
T 5 FT (1 P: pridej First(T') ={*} do Follow(F)

TS FT O P: pridej Follow(T) ={+, $, )} do Follow(F)

EmthT ) ={€}
Celkové: Follow(T’) = {+, $, )}, Follow(F) = {*, +, $, )}
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Follow(X) pro GX . Priklad 3/3
First(E) :={i,(} mptyE) = Follow(E) := $;
First(E’) =1 } Emot E’) _f {IZF Follow(E’) : .= $,é
First(T) = ,(} EmptyT) - Follow(T) =1t H
First(T') = *] Empty(T’) _{IZF Follow(T") =1k $,
First(F) :={i,} EmptyF) Follow(F) :={* + $ )}

5)T' » *FT_OP: pridej Follow(T") ={+, $,)} do Follow(T")
£: Emptye) = {&}
T - *FT D P: “pridej First(T’) = {*} do Follow(F)

T > *FT D P: pridej Follow(T') ={+, $, )} do Follow(F)

Empt)(T ) ={&}
Konec: Zadna mnozin&ollow nemize byt zngnéna.

Celkové: Follow(E) :’T
Follow(E') =
Follow(T) :~+ ,
Follow(T") =1+ S
Follow(F) = {*, +, $,)}
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MnozinaPredict

MysSlenka: Predic{A - X) Je mnozina vSsech
terminali, které mohou byt aktualné nejlevé;i
vygenerovany, pokud pro libovolnou ¥tnou
formu pouzijeme pravidlo A - X.

Definice:Nect G=(N, T, P, S je BKG. Pro
kazdéA - x [ P definujeme mnozinu

Predic{A - x) jako:

e pokudEmptyx) = {€} potom:
Predici(A - x) =First(x) U Follow(A)

e jinak pokudEmptyx) = [0 potom:
Predic{A - x) = First(x)
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MnozinaPredicf{A - X, X,...X): llustrace

EmptyX X,..X ) =0 vs. Empty{X X,..X ) = {€}

—

: nebo -
:
|
Kaf o] - X4 |
: L y y y I
I |X| kﬁ 5 84 a‘ |y|
|

o el oy
B € 4
a U First(X, X.,...X ) EI = aktudlni symbol na vstupu a [1 Follow(A)
Celkové: if Empty(X X....X ) = {€} then
Predic{A - X X....X ) = First(X X,...X) O Follow(A);
elsePredicf{A - X X,..X_) = First(X, X,... X))
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Predlci(A - X) pro GX . Priklad 1/2
FirsttE) :={i,(} EmptyE) Follow E) = $g
First(E') = _+} EmptyE’) _f {IZF Follow(E ) := $,é
First(T)  :=4i,} EmptyT) Follow(T) :={+, H
First(T") = *} Empty(T’) _{IZF FoIIowT) =1+ 3,
First(F) i, EmptyF) Follow(F) :={* + $, )}

E - TE

Empty(TE’) = I, protozeEmptyT) = I
Predic{(l) :=First(TE") = First(T) ={i, (}
'E' - +TE’
Empty+TE’) =0, protozeEmpty+) =[]
Predic{(?) := First(+TE") = First(+) = {+}
B - €
Emptye) = {€}
Predici(3) :=First(¢) O Follow(E’) =0 O {$,)} = {$, )}

T > FT°
EmptyFT’) = [, protozeEmptyF) = [
Predici(4) :=First(FT") = First(F) =i, (}
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Predlci(A - X) pro GX . Priklad 2/2
FirsttE) :={i,(} EmptyE) Follow E) = $g
First(E’) = +} EmptyE’) —{EE Follow(E") : .= $,é
First(T) = I, (} EmptyT) Follow(T) =1t H
First(T') = * Empt T) _{IZF Follow(T ) :={+, $,
First(F) i, EmptyF) Follow(F) :={* + $, )}

N [N *FT

Empty*FT’) =0, protozeEmpty*) = [
Predici(5) := First(*FT’") = First(*) = {*}
T - €
Emptye) ={¢}
Predic(©) := First(e) O Follow(T") =0 O {+, $,)} = {+, $,)}

F - (E
Em t)(((E))) = [, protozeEmpty(() = [
Predlci( ) —Flrst((E)) First(() = {(}
F S
Emptyi) = [

Predici(®) = First(i) = {i}



38/57

Konstrukce Ll-tabulky

A a
a(A, a) = A - X X,...X. 0P pokud
A a(A, a) =" [|a b0 PredictA - X,X,...X,); jinak
a(A, a) je prazdné
Uréeme:LL tabulku proGq,,s  [oravidio Predici(’)
T-T- T Ts] _{:E T8 [0
E : . E’ — +TE’ {+}
= | O Predic(1) E e {$’ )
T | O Predic(4) T - FT" 1,0
T’ --’ — *FT1 {*}
F i 0 Predic(?) e {+ %)}
Zbytek tabulky by se S i(E) ES
sestrojil analogicky. '_’
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SA zalozena na Litabulce Priklad
T+l (] )] $

E - TE 5T - *FT°

E’ B - +TE'6: T = ¢
T E > ¢ F - (E)
T T o FT' 8F |
F
Otazka: | * | 1 L(Ggypa)?
E
~ —
i 5
:/}’ €
\ y
=
| €
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LL gramatiky se-pravidly: Definice

Definice:Nec G=(N, T, P, S je BKG. G je
LL-gramatikg pokud pro kazda 1 T a kazdée
A O N existujemaximalné jedno A-pravidlo tvaru
A - X X,..X 0P aplati:all Predic{A - X X,...X)

llustrace: Nesmi nastat v LL-gramatice
Pravidlo r;: Pravidlo r.:
A - XX,..X ] A YY,.Y

a [0 Predic{A —» X, X,..X ) alOPredic{tA - Y,Y,..Y )
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Implementace LL Analyatoru

1) Rekurzivni sestup
» Kazdy netermindl je reprezentovan procedurou, KidiéBA:

function A: boolean

Pravidlo r: begin
A - X X,... X { X, analyza}

{ X, analyza}

{X, ah.élyza}
\V/stupni Fetézec end

2) Prediktivni syntakticka analyza
« Syntakticky analyzator se zasobnik&mgeny tabulkou

— Pravé tyto symboly v
\1 tomto po¥adi jsou uloZeny
na zasobniku.

Vstupni retézec
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Rekurzivni sestugriklad 1/4

Procedure GetNextToken;
begin
{ tato procedura ulozi nasledujici token do p&amé ‘token”}

e ProE ON: Pravidlo!l: E - TE’

function E: boolean; ||+ |+ NS
begin =
E :=false; ~ E’ —
ﬁtokenln[ i ("then
{S|mulace praV|dIa E > TE} T,
E:= T and EI; T
end: F
; ProT [ NT: I?)ra\lndlo T - FT.
unction . boolean; B
begin (IS
= false; P E
|f token in [ i (" then E’ |
{ simulace praV|dIa TS FT'} T
T := F and TI1; T
end; = ﬂ
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Rekurzivni sestugriklad 2/4

e ProE’ ON: PravidlaZ: E" - +TE’, 3:E" 5 ¢

function E1: boolean;
begin
E1l :=false; E

If token =" +' then begin E

{ simulace pravidla’: E' - +TE’ } T
.

F

GetNextToken:

E1l ;= T and EI1;
end m
else A

if token in [' )t $7then
{ simulace pravidle®: E’ - €}
E1l :=true;

end:
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Rekurzivni sesturiklad 3/4

e ProT’ OON: Pravidlas: T' - *FT', 6: T" 5 €

function T1: boolean;
begin OIS
T1 :=false; E
If token =" *"then begin E’
{ simulace pravidleo: T - *FT’ } T
GetNextToken; T
1 = F and TI1; F |:|:|
end
else — A —
if token in [' +,' ), $']then
{ simulace pravidleb: T - €}
T1 :=true;

end:
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Rekurzivni sesturiklad 4/4

 ProF OON: Pravidla’: F - (E), 8. F > 1
function F: boolean:

begin
gIJ:::faIse; DS
If token =" (' then begin E
{ simulace pravidla’: F - (E) } E’
GetNextToken; T
If E then begin T
F = (token =" )", = =
GetNextToken,; —
end, -
end p |:| Hlavni télo programu:
else begin
If token =" | ' then begin GetNextToken;
{ simulace pravidles: F - 1} If E then
F =true; write("  OK)
GetNextToken; else
end; write(' ERROR

end: end.
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Rekurzivni sestudlustrace pra*i$
Start: GetNextTok
At e

Vstupni retézec: Pro token =i:
. L, Call T, Call E1
m [TRUE | TRUE
T: =
Pro token =i: Pro token =$:

CallF, Call T1 Ikl Return TRUE:
TRUE

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

T1:
Pro token = $:
Return RUE:

Protoken =1: | [ TRUE |

GetNextToken
Return RUE: /
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Prediktivni syntakticka analyzg

* Model pro prediktivni syntaktickou analyzu:

Vstupni retézec:

‘al‘aZ‘ ‘aul ‘an

Zasobnik: l
[
Y Syntakticky LL tabulka
analyzator |
¢ ] I 1

Levy rozbor= posloupnost pravidel, ktera je
pouzita v nejle¥|Si derivaci pro vstuprietzec.



* \/stup: LL-tabulkaproG=(N, T, P, S); xL
* \Vystup: Levy rozbor pro, pokude L(G) jinak chyba

e Metoda:
e push@) & push(S) na zasobnik
e repeat

* necht X je vrchol zasobniku a aktualni token

e caseX of:
e X =% if a=%$thenluspéch

elsechyba;
e X OT: if X=athenpopX) & precti dalSia ze
vstupniharetzce
elsechyba;

e XON: 1If r: X - x 0O LL-tabulkalX, a] then
zareh na vrcholu zasobniké za
reversal{) & zapiSr na vystup
elsechyba;

until Uspéch or chyba




()

$

T ——mim
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Prediktivni SA Priklad |

Pravidla:
'E S5 TE’
E’ 5 +TFE’
B 5 €
T - FT

T - *FT’

— €

F - (E)
F S

Vstupni retézec:i * i $

Zasobnik | Vstuq Pravidlo Derivace
$E *1$||1:E - TE" |[E=TFE’
SE'T *1$ 14T - FT = FT'E’
SE'T'F |i*I$ |8 F - | = ITFE
$E’"’i\/i*i$

SE'T I |I5:T - *FT'| = I*FT'E’
SE'TF:l%i$

SE'T'F |i$ F S = I*IT'E’
$E’"’i\__,i$

SE'T $ T S € = I*IE”
$E’ $ o = =

$_ $ Uspéch

Levy rozbor:
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Zotaven z chyb Uvod

Zakladni Dva typy chyh

. _ » Neatekavanytoken
myslenka. * Nelze aplikovat

pravidlo
AlB
\
\) R
' Skoc » \\
/ na kli¢ N A
\ \\
| | \ | |
| X | a ‘ | y | ‘

\ Kli &

Pozn.:a [ Follow(A)

Chybny token
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Hartmanmva metoda: Zotaveni z ch[,/b

* Necht’ Contex(A,) =
Follow(A,) U
Follow(A,) [

Follow(A,)

repeat

|+ a:= GetNextToken;
{Tyto tokeny @geska}

until a v mnoz.Contex(A,)

if av mnoz.Follow(A;) then
pokraiuj v syntakticke

Chybny token | analyze od symboli..
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Zotaveni z chybllustrace 1/2

Necht’ a U Follow(A,).
Potom pokrauj z X,

‘Chybny token‘ ‘ Prvni token Zontex(A,;) |
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Zotaveni z chybllustrace 2/2

Necht’ a [ Follow(A,).
Potom pokrauj z X,

‘Chybny token‘ ‘ Prvni token Zontex(A,;) |
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Contex({X) pro prediktivni SA: Varianta|l

Pro G=(N,T,P,9),
Contex(A) = Follow(A) pro vSechnaA [0 N

* Metoda:
* Neclt’ A je vrchol zasobniku & zadné pravidlo
nelze pouzit:

* repeat
a .= GetNextToken;
{Tyto tokeny jsou peskaeny}
until av mnozirg Contex(A)
e odstra A ze zasobniku
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Varianta I: Riklad

<pr0g>

<st-list>

Follow(<expr>)
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Contex({X) pro prediktivni SA: Varianta ||

Pro G=(N,T,P,9),
Contex(A) = First(A) O Follow(A) pro vsSechnaA [N

* Metoda:
* Neclt’ A je vrchol zasobniku & zadné pravidlo nelze
pouzit:

* repeat
a .= GetNextToken;
{Tyto tokeny Jsou peskaeny}
until av mnozirg Contex(A)

o if a O First(A) then ponech symbohl na zasobniku
elseodstra A ze zasobniku/ all Follow(A)
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Varianta ll: Riklad

<pr0g>

}S’[-|IS’[>

<S/tat>
<assign>

sexpr>

+1d | ;

Lid!

write! 1d : | end

First(<expr>)



