1/57

Kapitola VIII.
Syntakticka analyza
shora dolu
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SA shora dolu: Uvod
Problém: MySlenka:
Tabulka:
o a

‘ Pouzij: r: A = X ‘

Které pravidlo pOUth"

/! —

Otazka: Je mozn¢ sestrojit tuto
tabulku pro libovolnou BKG?

Odpovéd’: NE
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Vybér pravidla pomoci tabulky

Tabulka:
o a

PouZijlrlz A—->XX,..X
] ON

Pouzyr,: A—>Y,Y,...Y
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Mnozina First

MysSlenka: First(X) je mnozina vSech terminalu,
kterymi muze zaCinat vétna forma derivovatelna z X

Definice: Necht' G= (N, T, P, S) je BKG. Pro
kazdé x € (N U T)" je definovano First(x) jako:
First)={a:ae T, x=>"ay,;y e NuU T)*}.

IHlustrace: =

a € First(X)
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LL gramatika bez g-pravidel

Definice: Necht G = (N, T, P, S) j¢ BKG bez
e-pravidel. G je LL gramatika, pokud pro kazde a

e Ta A € N existuyje maximalné jedno pravidlo
A—>XX,.. X € Ptakove, ze: a € First( X X,...X )

Ilustrace: Nesmi nastat v LL-gramatice Tabulka:
v T 1

a
a ‘ L X .\ Pouze pravidlo:
a € First(X X,..X ) a e First(Y,Y,..Y )| it A 2> XK. X,
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Jednoduchy programovaci jazyk (JPJ)

<prog> — begin <st-list>

<st-list> — <stat> ; <st-list>

<st-list> — end

<stat> — read id

<stat> — write <item>

<stat> —id := add ( <item> <it-list>
<it-list> — , <item> <it-list>

<it-list> —)

<item> — int

<item> — id Pozn.: G,p; je LL_gramatika
Priklad: beg;gd _
1;
j :=add(i, D; | e JPJ
write j;
end
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Algoritmus: First(X)

* Vstup: G=(, T, P, S) bez e-pravidel

* Vystup: First(X) prokazde X e NuU T

* Metoda:

» pro kazdeé a € T: First(a) ;= {a}

* Pouzivej nasledujici pravidlo, dokud bude mozné
ménit néjakou mnozinu First:

«if A > X X,...X_ € P, then piidej First(X,) do First(A)

IHustrace:
1) prokazdéa e T: 2)
First(a) := {a},
protoze a =V a

—P 3 < First(A)

Ny
Ny
Ny
N

a |+ a e First(X))
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First(X) pro JPJ: Priklad

First(begin) :
First(end)
First(read)

{begin} First(id)
{end} First(int)
{fread}  First(:=)
First(write) :={write} First(add) := {add} First

={id}  First(,) :={,}
={int} First(() := {(}
={:=}  First )§ : ?i

<item> — id € P:
<item> — int € P:

pridej Firs«(id) do First(<item>
prldej First(int) do First(<item>

Celkové: First(<item>) = {id, int}

<it-list>—>) e P: pridej Firs«())  do First(<it-list>
<it-list> —, ... € P: pridej First(,) do First(<it-list>
Celkové: F zrst(<1t list>) =), j

<stat> —> id ... e P:
<stat> — write ... € P:
<stat> > read ... € P:
Celkové: First(<stat>)

pridej First(id) do First(<stat>)
pridej FlrSthl‘lte)dO First(<stat>)
prldej First(read)do First(<stat>)
= {id, write, read}

<st-list> — end € P;

<st-list> — <stat> ... € P:

Celkové: First(<st-list>)

pridej First(end) do First(<st-list>)
pridej First(<stat>)do First(<st-list>)
= {id, write, read, end}

<prog> — begin ... € P:
elkové: First(<pros>)

prldej First(begin) do First(<prog>)
= {beoin}
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Konstrukce LL-tabulky

0 a
a(A,a)=A—> X XX, eP
A I pokud a € First(X,); jinak
o(A, a) je prazdne = CHYBA
Vytv()i"me; LL tabulku|Prav.r: A > X1_X2"°Xn _Fil’S’[(Xl)

e v | ‘ _‘ <prog> — begin .. J{begin}

id |int] ;= - <st-list> — <stat>..}{id, write, read}
<prog-= id e <st-list> — end {end}
Sstlise| 2 Py’ | £t o e . fready
<it-list> I i | Tesitlist >
<item> | ¢ E Irst(id) | 8: <it-list> —) 1)}

Zbytek vytvorime thﬁi : :gt %%}

analogicky.
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SA zalozena na LI -tabulce: Priklad

<prog> — begin <st-list> <stat> —id:=add(...
<st-list> — <stat> ; <st-list> 7: <it-list> — , <item> <it-list>
<st-list> — end <it-list> —)
<stat>  — read id <item> — Int
<stat>  — write <item> <item> —id
beg lend] rd | wr| id Jint] , | ( ) := |add
<pr0g>
<st-list>
<stat>
<it-list>
<item>
Zdrojovy program: ~preg~
begin write 25; end <stlist>
- <stat>
<item>\ <st-list>
° ’ 4 | 4 A |
Lexikalni begin _write _int end
v begin | | write | | int end
analyzator 5%
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LL gramatik_y: Ospééné transformace
Obecné: BKG jsou si1ln¢jsi nez LL-gramatiky

Ilustrace: )

Trida jazyku generovanych - Trida jazyku
LL gramatikami generovanych BKG

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

1) Faktorizace (vytykani)

2) Odstranéni leve rekurze

Pozn.: Pravidlo tvaru A - Ax, kde Ae N,x e (NU T)" se
nazyva levé rekurzivni pravidio.
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Faktorizace (vytykani)

MySlenka: Zaménit pravidla tvaru:
A—XY,, A=>XY,, ... , A= Xy na:

A —> X ) _)yp _)y29°°'9 _)yna
kde  je novy neterminal
Ilustrace: A A

A A D VIR
N\ N\ X /A X /A
X Y1777 X Yy Y1 Yn

Priklad:

<stat> — write id <stat> — Yzll”lte
<stat> — write int — 1d
—> int
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Odstranéni levé rekurze

MySlenka: Zaménit pravidla tvaru: A — AX,

A->vza:A—>y , —>x , — ,kde
je novy neterminal.

Ilustrace A(\( [

Pf'iklad

E—->E+T

05T ey esTe e eTEE S
T—>T*F} .

g B TR TS, TS

F— (E) F— (E)
Foi Foi
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LL-gramatiky s e-pravidly: Uvod
Proc e-pravidla?

* QOdstranéni leve rekurze vytvori e-pravidla

» ¢-pravidla Casto udélaji gramatiku ,,C1st¢Si‘
ZjednodusSeni této Casti:
Budeme predpokladat, Ze kazdy vstupni retézec je zakoncen §.
Pozn.: $ znaci ,,zakonCovac*
Hlavni problém e-pravidel: m

Pravidlo r: A — X1Xz~~xn

Mozna: a ¢ First(A):

Pozn.: Musime definovat dal§i mnoziny: Empty, Follow a Predict.
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Gramatika pro aritmeticke vyrazy

+G,.»= (N, T, P, E), kde
-N=1{E,E’,F,F’, T},
° T: {iD +9 *9 (9 )}9

P={1:E > TE’, B’ —> +TE,
B’ > ¢, T > F17,
17> *F17, 17 > &,

:F —> (B), F -1 }

Priklad:

(1 +D*0+1) € L(Geypr3)
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Mnozina Empty

MySlenka: Empty(X) je mnozina, ktera obsahuje
jediny prvek ¢ pokud X derivuje ¢, jinak je prazdna
Definice: Necht G= (N, T, P, S) je BKG.
Empty(x) = {&} if x =" ¢; jinak

Empty(x) =, kdex € (NU T)".

Ilustrace: X = --
L i
K € &
g
X=X X, .. X ="¢

Empty(X) = 1€}
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Algoritmus: Empty(X)

* Vstup: G=(N, T, P, 5)
* Vystup: Empty(X) pro kazdy symbol X e NU T
* Metoda:
e pro kazdé a € T: Empty(a) .= O
 pro kazd¢ A € N:
if A > ¢ € P then Empty(A) = {&}
else Empty(A) == O

* Pouzivej nasledujici pravidlo, dokud bude mozné
ménit néjakou mnozinu Empty:

*if A—> X X,... X € Pand Empty(X.) = {&} pro

vSechnai=1,..., n then Empty(A) = {&}
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Predchozi algoritmus: Ilustrace
1) Pro kazdé a € T: Empty(a) := &, protoze a =" ¢
2) Pro kazdé r: A - € € P: Empty(A) := {&}, protoze A =' g [1]
3) Pouzivej nasledujici pravidlo, dokud bude
mozné ménit néjakou mnozinu Empty :
cif A—> XX, ... X € Pand Empty(X) = {&}
pro vSechna i = 1,...,n then Empty(A) = {&}
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Emjlly(X) pro G, ,4: Priklad

eprs = (N, T, PE), kde: N={E, F, T}, T={I, +,%,(,)},
{ E >TE’, 2:BE>>+TE’,3:E>>¢, 4T 5>FT

Do *FT. 6: 1> > ¢, F o> (E)LSE oIt
Inicializace: Empoy(i) =0  Empty(E) =
Empty(+):=0  Empty(E’) = {¢}
Empty( * )=  Empty(T) =
Empty (% =  Empty(T’) = {g

Empty()) =&  Empty(F) =

« Zadna Empty mnozina jiz nemuze byt zménéna
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Algoritmus: First(X)

e Vstup: G=(N, T, P, S)

* Vystup: First(X) prokazde X e NU T

* Metoda:

» pro kazd¢ a € T: First(a) := {a}

» pro kazdé A € N: First(A) =0

* Pouzivej nasledujici pravidlo, dokud bude mozné

ménit néjakou mnozinu First:

¢ if A= X X..X,_X,...X & P then

* pridej vSechny symboly z First(X,) do First(A)
 if Empty(X)={ej proi=1,..., k-1, kde k <n
then piidej vSechny symboly z Firs#(X, ) do
First(A)
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Predchozi algoritmus: Ilustrace
1) pro kazdé a € T First(a) := {a}, protoze a =’ a
2) pro kazdé A € N: First(A) := O (Inicializace)
3) Pouzivej nasledujici pravidlo, dokud bude

mozné ménit néjakou mnoZzinu First:

if A—> X X, ... X, X, ...X_ € P then

3a) pridej vSechny symboly z First(X,) do First(A)
3b) if Empty(X) = e} proi=1,...,k-1,kde k<n

then piidej vSechny symboly z First(X,) do First(A):
a e First(A)| 3b: a e First(A)

N
l.l... llll.....

[\ aes’
a | a < First(x)

““

a e First(X,)
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First(X) tor G, ,: Priklad

exprl:

Inicializace: First(i) :={} First(E) = &
First(+) :={+t} Firs(E’) =
First(*) ={*} First(T) =
First (% ={(} First(T) =
First() ={)} First(F) =

F—o>lePf: pridej Firsz‘gi) ={i} do FirstEF;

F—>(E) eP: pridej First(() = {(} do First(F

Celkové: First(F) = {i, (}

T > *F1’ e P: pridej First (%) = {*} do First(T’)
Celkové: First(T’) = {*1

T—>FT’ e P: pridej First (F)={i,(} do First(T)
Celkové: First(T) = {1, (}

E’—> +TE’ € P: pridej First (+) = {+} do First(E’)
Celkové: First(E’) = {+\;

E—>TE’ € P: pridej First (T)=1{i,(} do First(E)
Celkové: First(E) = {1, (}

» Zadna First mnoZina jiZ nemiiZe byt zménéna.
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First(X) & Empty(X) pro G,,,,5: Celkove

expr3 (N T P E) kde: N= {E F T} = {Ia s 9( )}
P=4{ I'E—>TFE, 22BE>+TE,3:E°—>e¢, 4T S5FD
TP > *FT1°,6: T > ¢, F >(E),8F >1}
Mnozina Empty Empty(i) = Empty Ez =
pro viechna E%gg ;")) ~ % g%;g %) = {%}
XeNUTI: gmply % =% lgmply-lg’)) ={g
mpty = mpty =
Mnozina First II:: irst( 1 )) = %i}} II:: irst E)) = %i,}(}

4 irst(+) =t irst =
Provsechna = s +y =1 Firs(T) =i, (
XeNUT: First(% ={(}  First(T) ={*}

First() ={)} First(F) ={i, (}

Pozn.: pro kazdé a € T: Empty(a) =

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

* Vstup: G=(N, T, P, S); First(X) & Emply(X) pro

kazdé Xe NU T, x=XX,.. X ,kdex e (NU T)"
* Vystup: First(X X.. .Xn)

* Metoda:

 First( X X,.. X ) = First(X))

* Pouzivej nasledujici pravidlo, dokud bude mozné ménit
mnozinu First(X X, ... X, _ X ...X):

o if Empty(X.) = {e} proi=1,....k-1, kde k<n
then piidej vSechny symboly z F’ irst(Xk) do First(X X,.. X )

! Pozn.: First(e) =

Ilustrm
8 8 eoo

a e Flrst(XX X)

=3 c Flrst(Xk)
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First( X X,...X ). Priklad

=N, T, P, E)kdeN {EFT} T={i,+% ()},
{ E »>TE’, B> +TE,3:E°>¢, 4T 5FT
T’ *FT’ T’ g, F - (E), F > }
Empty(E =@ FirsttE) ={,(
“F“Otz‘“y Emp:ly& m% E)) = {e}  First(E’) = {4
Irst pro vSechna 00T = @ First T) ={, (}
XeN: Empiy(T’) = {g First(T”) :={*}
Empty(F) = First(F) ={, (}

Urceme: First(E’T’FET)
1) First(E>T’FET) := First(E’) = {+}
2) Firs([-" T"FET): pfidej First(T") = {*} do First(E'T’FET)

Empty(E’) = {&} o _
3)F irst@’l@; piide) First(F) = {i, (} do First(E’T’FET)

Empty(E’) = Empty(T°) = {&}
Celkové: First(E’T’FET) = {+,*, i, ¢
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Algoritmus: Empty(X X,.. X )

* Vstup: G=(N, T, P, S); Empty(X) pro VsechnaX e NUT;
x=XX,..X kdex e (NUT)"
* Vystup: Empty(Xle. : .Xn)
* Metoda:
o if Empty(X) = 1€} proalli=1,...,n then
Empty(X,X,...X ) := {€}
else
Empy(X X,.. X)) =
! Pozn.: Empty(e) = {&}

Ilustrace: ‘ ‘ \Q Empty(X,X,... X ) = {&}
8 8 0008
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Empty(X X,...X.): Ptiklad

expr3 (N TP E) kde: N= {E F T} = {Ia s 9( )}
P={ I'E->TP, 2B >+TE,3:E>e¢, 4T 5FT’
TP > *FT°,6: T > &, F >(E),8:F 51}
Mnozina Empty ~ Empty(E) = O
e Y Emphi(ED) = {e)
pro viechna X e N: 5, T = O
Empty(T°)  :={ g
Empty(F)
Urcéeme: Empty(E’T?)

Empty(E’) = Empty(1°) = {e}, tedy Empiy(E’T’°) = {&}
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Mnozina Follow

MySlenka: Follow(A) je mnoZina vSech terminali, které
se mohou vyskytovat vpravo od A ve vétné formé.

Definice: Necht G= (N, T, P, 5) je BKG. Pro

vSechna A € N definuyjeme mnozinu Follow(A):

Follow(A)=1{a:a e T, S="xAay,x,y e (NU )"}
U{S:S="xA,xe Wu D}

Ilustrace:

) (T . E
S =" xAz =" xAay S =" xA
. .
a € Follow(A) $ € Follow(A)
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Algoritmus: Follow(A4)

* Vstup: G=(N, T, P, S);
* Vystup: Follow(A) pro kazdé A € N
* Metoda:
« Follow(S) := {$};
* Pouzivej nasledujici pravidlo, dokud bude mozné
ménit néjakou mnozinu Follow:
*if A > XBy € P then
*if Y # ¢ then
piidej vSechny symboly z First(\) do Follow(B);
* if Empty(y) = {€} then
piidej vSechny symboly z Follow(A) do
Follow(B);
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Predchozi algoritmus: Ilustrace

1) Follow(S) .= {$} |2) Pouzivej nasledujici pravidlo,
dokud bude mozné ménit Follow:

«if A—> XBy € P then
2a) if v # € then pfidej vSechny symboly
z First(\V) do Follow(B)

1 ‘ 2b) if Empty(y) = {¢} then pfidej vSechny
cos symboly z Follow(A) do Follow(B)

X, |IB.
l‘ | |
aeFollow(B):‘; a‘ IZI\] A € € €

'.Il..

e First(y) a e Follow(B) *a e Follow(A)
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Follow(X) pro G Priklad 1/3

First E) ={i, (} Empty E) Follow E) =

Firs(E>) = {+} Empty(E’ ) = {@} Follow(E’) := @
First(T) ={,¢ Empt(T) Follow T) =
First(T’) = {*} Empty T ) ={e} Follow(T’) =
FirsttF)  ={.¢  Empty(F) = O  Follow(F) =&

0) Follow(E) = {$}

1F—( E‘_')_’e P: pridej First())={)} do Follow(E)
+
Celkové: FO]?OW(E) ={$, )}

2)E—>TE e P: ptidej Follow(E) = {$,)} do Follow(E’)
e: Empty(e) = {&}
E>TE e P: pridej First(E’) = {+} do Follow(T)
* g
E—>TE eP: pridej Follow(E) = {$,)} do Follow(T)

Empty(E’) = {g}
Celkové: Follow(E*) = {8$, )}, Follow(T)={+, §, )}
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Follow(X) pro G, ,,5: Priklad 2/3

FirstE) ={,¢ Empty(E) = O Follow(E) :={8$,)}
Firs(E’) = {+} Empty(E) = {%} Follow(E’) :={$, )}
First(T) ={,} Empp(T) := Follow(T) := g, $,)}
First(T’) = {*} Empty(T°) = {&} Follong’) =
First((F)  =4.¢  Emptv(E) = O  Follow(F) =&

3) E> > +TE’_,e P: pridej Follow(E") = {$, )} do Follow(E’)

e: Empty(c) = {&]
E’—>+TE) e P: pridej FirstE’) ={+} do Follow(T)

+
E’ > +T§,’8 e P: pridej Follow(E’>) = {$, )}do Follow(T)

Empty(E’) = {g}
Celkové: Nic nezménéno
4HT—>FT_eP: pridej Follow(T)={+, $,)} do Follow(T’)
= Empty(e) = (e}
To>RL eP: pridej First(T") = {*} do Follow(F)

T Ffag e P:  pridej Follow(T) = {+, $,)} do Follow(F)

Empty(1°) = {&}
Celkové: Follow(T’)={+, $,)}, Follow(F)={*, +, $,)}
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F ollow(X) pro G

Priklad 3/3

First(E) ={l,} Empty E) Follow E) = 1{$, )}
First(E’) = {+} Empty(E° ) = {@} Follow(E’) :={$, )}
First T) ={,} Empty(T) Follow(T) ={+,8§,)}
First(T’) = {*} Empty T ) ={e} Follow(T’) :={+, 8§, )}
First(F) =1, Empty(F) = &  Follow(F) :={* +. §.)}
5) "> *FT e P: pridej Follaw(T’) ={+, 8, )} do Follow(T’)
e: Empty(e) = {€}
"—>*F €P: pridej First(T") = {*} do Follow(F)

’ % ;ta &
"= *F
Empty(1T7) = {&}

€ P: pridej Follow(T’)={+, $,)} do Follow(F)

Konec: Zadna mnozina Follow nemuze byt zménena.

Celkoveé: Follow E) = {9, )}
Follow(E’) :={$, )}
Follow(T) :={+,8§,)}
Follow(T’) =4{+, §, )}
Follow(F) ={* +,8§,)}



34/57

Mnozina Predict

Myslenka: Predict(A — X) je mnozina vSech
terminala, které mohou byt aktualné nejlevéji
vygenerovany, pokud pro libovolnou vétnou
formu pouzijeme pravidlo A — X.

Definice: Necht G = (N, T, P, S) je BKG. Pro
kazde¢ A — x € P definujeme mnoZinu
Predict(A — X) jako:
e pokud Empty(x) = {€} potom:
Predict(A — x) = First(x) U Follow(A)
e jinak pokud Empty(X) = < potom:
Predict(A — X) = First(X)
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Mnozina Predict(4 — X X,...X ): llustrace
Empty(X, X, X ) = B Vs, Emply(X XpeX) = {€}

: nebo -

Al 72

|
|
|
5
|\: . l l 1
| a ‘ I RE % € la ‘ LYy ‘
€ 8
aer l?’Si(X e X)) E aktualni symbol na vstupu a € Follow(A)

Celkové: if EmpZy(X X,...X )= {¢} then
Predict(A — X1X2°"Xn) = First(X, X,...X ) U Follow(A);
else Predict(A — X X,..X ) = First( X, X,...X )

1
IXI
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Predzct(A —> X) pro G, o Piiklad 1/2

First E) = {I ¢ Empty E) = @ Follow E) =1{$, )}

Firs(E’) =1 Empty(E’ ) = {@} Follow(E’) := {8, )}

First(T) = {I, ¢ Empty(T) Follow T) =1{+89,)}

First(T’) = {*} Empty T ) ={e} Follow(T’) :={+, 8§, )}

FirstF)  =={1.¢ FEmptv(F) = @  Follow(F) :={* + $.)}
B > TE’

Empty(TE’) = O, protoze Empty(T) = &
Predict(1) := First(TE’) = First((T) = {I, (}

B> +TE’
Empty(+TE’) = O, protoze Empty(T) = &
Predict(2) .= First(+TE’) = First(+) = {+}

B’ —>¢
Empty(e) = {&}
Predict(3) := First(e) U Follow(E’) = U {$, )} = {8, )}

T > FT”
Empty(F1°) = &, protoze Empty(F) = &
Predict(4) := First(F1°) = First(F) = {1, (}
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Predzct(A —> X) pro G, s Piiklad 2/2

First E) ={l,} Empty E) = @ Follow E) =1{$, )}
FirstE”) = {+} Empty(E’ ) = {@} Follow(E’) :={$, )}
Sn Sho g T sl
= m = {¢g ollow =
Fill:it ) —{I G Emgg F) =@  Follow(F) :={* +. §.)}
T > *FT’
Empty(*FT1°) = &, protoze Empty(F) = &
Predict(5) := First(*F 1) = First(*) = {*}
17 —>¢
Empty(e) = {¢
Predict(6) := First(e) U Followm(T )= U {+, $,)} = {+, $, )}
:F - (B)

Empty((E)) = O, protoze Empty(E) = &
Predict(7) := First((E)) = First(() = {(}

F—>1
Empty)=©
Predict(8) .= First(1) = {1}
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Konstrukce LL-tabulky

04 a

a(A, a) =A > X X,...X,, € Ppokud

A || a e Predict(A — X, X,...X.); jinak

o(A, a) 1s je prazdné.

Urceme: LL tabulkupro G, .1 [pravidlo Predict(’)
T+1+1 1 )s E STE | §i,0
= . . . E” > +TEY] {+}
o | € Predict(?) B e )
T i e Predict(4) T >FT LG
T :T° > *FT°| {*}
F | € Predict(8) "> e t+ $,)}
Zbytek tabulky by se j E : i(E) g;
sestrojil analogicky. '
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SA zalozena na LI -tabulce: Priklad

L+ =] (] )|S
= E >TE® 5T > *FT°
E° B> +TE 6: T > ¢
T B> ¢ F > ([E)
E T >FT° 8 F >
Otazka: 1 * 1 € L(G,,,,3)?
=
—~ —
T E’
"\ '
- T &
[ T’
=
| €
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LL gramatiky s e-pravidly: Definice

Definice: Necht G= (N, T, P, S) je BKG. G je
LL-gramatika, pokud pro kazdé a € T a kazdeé
A € N existuyje maximalné jedno 4-pravidlo tvaru
A—>XX,.X e Paplati: a € Predict(A - X, X,.. X ]

Ilustrace: Nesmi nastat v LL-gramatice
Pravidlo r,: Pravidlo r,:
AT - A

Al 1yi |
—

1
IXI

a € Predict(A — X X,..X ) ae Predict(A —> Y Y,..Y )
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Implementace LL Analyzatoru

1) Rekurzivni sestup
» Kazdy neterminal je reprezentovan procedurou, ktera ridi SA:

function 4: boolean;
begin

{X, analyza}

{X, analyza}

Pravidlo r:
A - XX, X

{X, analyza}
end

2) Prediktivnl syntakticka analyza
 Syntakticky analyzator se zasobnikem fizeny tabulkou

—» Pravé tyto symboly v
W tomto poradi jsou ulozeny
na zasobniku.

Vstupni retézec
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Rekurzivni sestup: Priklad 1/4

Procedure GetNextToken;
begin
{ tato procedura ulozi nasledujici token do proménné “token”}

end

eProE eN:Pravidlo I:E—> T

function E: boolean; 1= (])
begin E
E = false; _ — —

if token in T"i", “(°J then |E’

{ simulace pravidla I: E > TE" } ,

E := T and E1; T

end; F

eProl e N: Pravidlo4: T > F
function T: boolean; '
pune |+*( )
egin
T = false; E

iIf token 1n ["17, ("] then |E’L_ -

{ simulace pravidla4: T —> FT’ } T

T = F and T1; T

end; F
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Rekurzivni sestup: Priklad 2/4

e ProE’ e N: Pravidla 2: E> > +TE’, 3: B> > ¢

function E1: boolean:
begin L] (IS
E1l = false; E _ ]
iIf token = "+" then begin E’l L. 315
{ simulace pravidla 2: E" > +TE" } T
GetNextToken; T

E1l := T and E1; F
end M
else A

1T token In [")", "$"] then
{ sitmulace pravidla 3: E” — €}
El = true;
end;
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Rekurzivni sestup: Priklad 3/4

eProlT’ € N: Pravidla 5: T° > *FT°, 6: 1> > ¢

function T1: boolean;
begin L] (IS
T1 -= false; E
iIT token = "*" then begin E’
{ sitmulace pravidla 5: T" — *FT" } TIlaLLJ40L 1
GetNextToken; T LLI| L

T1 = F and T1; F
end M
else A ~

it token In ["+", ")", "$"] then
{ simulace pravidla 6: T" — &}
T1l = true;
end;
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Rekurzivni sestup: Priklad 4/4

*ProF e N:Pravidla 7: F > (E), &: F >f
Eungtion F: boolean;
egin
F := false; = {CDIS
iIT token = "(" then begin E
{ simulace pravidla 7: F - (E) } E°
GetNextToken; T
1T E then begin T
F = (token = ")"); =N Gl

GetNextToken; —
end;
end Hlavni télo programu:
else begin

iIT token = "1™ then beginj
{ simulace pravidla 8: F —> 1 }

F = true;
GetNextToken;
end;

end;

GetNextToken;
1T E then
write("0OK")
else
write("ERROR™)
end.
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Rekurzivni sestup: Ilustrace pro i*i$

Start: GetNextToken;
Call B3 <~ g, LIRUE |

Vstupni Fetézec: Pro token = i:
: : Call T, Call E1
HdfERsmm
I:

Pro token = I:
Call F, Call T1

El:
Pro token = $:
Return TRUK;

F: :
Pro token=i: || TRUE | | Pro token = *:
GetNextToken; / GetNextToken;
Return TRUE; - Call F,Call T1
F: / ‘ T1:

Pro token=i: || TRUE | | Pro token = $:
GetNextToken; J Return TRUK;
Return TRUK;
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Prediktivni syntakticka analyza

* Model pro prediktivni syntaktickou analyzu:

Vstupni retézec:

la, |a, | .. \ai| \an
Zésob;nik: l
X
Yy ‘1’ Syntakticky . ILL tabl“lk?

analyzator o ——

. 8

Levy rozbor = posloupnost pravidel, ktera je
pouzita v nejleve)si derivaci pro vstupni fetézec.

‘%‘lll
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Prediktivni SA: Algoritmus
e Vstup: LL-tabulka pro G=(N, T,P,S);x € T"
* Vystup: Levy rozbor pro x, pokud x € L(G) jinak chyba

* Metoda:
* push($) & push(S) na zasobnik
* repeat

e necht’ X je vrchol zasobniku a a aktualni token

e case X of:
e X=9%: ifa=S§ then uspéch

else chyba;
e X e T: if X =a then pop(X) & precti dalsi a ze
vstupniho fetézce
else chyba;

e X e N: ifr: X— x e LL-tabulka[X, a] then
zamé&n na vrcholu zasobniku X za
reversal(x) & zapiS I na vystup
else chyba;

until uspéch or chyba
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Prediktivni SA: Priklad

1= (])I$| Vstupni Fetézec: 1 *1$
E Zasobnik |Vstupl Pravidlo Derivace
E’ SE i*i$ [|I:E > TE’ [E=TE’
L $E’T  |i*is |4 T > FT | = FTFE’
E SE’T'F |i*i$ |8:F — i = iTFE’
Pravidla: SETPL_1™1%

-E > TE® SE’T’ 9 |15: T > *FT’| = I*ET’E’
B’ S5 +TE?  |SE’TFzl*i$

B’ > ¢ SE°T’F [i$ ' F > = i*ITE’

T > FI SE’T’1_ |18

7> *FT $SE’T’ S T’ > ¢ = I*IE’

17 —>e SE’ $ B’ > ¢ = i

E - .(E) S_ $ Uspéch

FE o> - -
Levy rozbor:
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Zotaveni z chyb: Uvod

Z.akladni Dva typy chyb:

v S . C
myslenka: . Neocekav.any token
* Nelze aplikovat

pravidlo
Al|B
\\
\
\
Skod s A
/ na Kkli¢ .\ A
\\ \
| | | |
X, A ] v

| Kli¢

Chybny token ‘ Pozn.: a € Follow(A)
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Hartmannova metoda: Zotaveni z chyb

* Necht’ Context(A,) =
Follow(A,) U
Follow(A,) U

Follow(A,)
repeat
3 := GetNextToken;
{Tyto tokeny preskoc}

until a v mnoz. Context(A,)

if 2 v mnoz. Follow(A,) then

- pokracuj v syntakticke
Chybny token ‘ analyze od symbolu X;.
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Zotaveni z chyb: Ilustrace 1/2

Necht’ a € Follow(A,).
Potom pokracuj z X

‘ Chybny token ‘ | Prvni token z Context(A,) |
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Zotaveni z chyb: Ilustrace 2/2

Necht’ a € Follow(A,).
Potom pokracuj z X,

‘ Chybny token ‘ | Prvni token z Context(A,) |




54/57

Context(X) pro prediktivni SA: Varianta I

Pro G=(N, T, P, S),
Context(A) = Follow(A) pro vSechna A € N

* Metoda:
* Necht’ A je vrchol zasobniku & zadne pravidlo
nelze pouzit:
* repeat
a = GetNextToken;

{Tyto tokeny jsou pieskocCeny}
until a v mnozin¢ Context(A)

 odstran A ze zasobniku;
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Varianta I: Priklad

<pr0g>

<st-list>
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Context(X) pro prediktivni SA: Varianta II

Pro G=(N, T, P, S),
Context(A) = First(A) U Follow(A) pro vSechna A € N

* Metoda:
* Necht’” A je vrchol zasobniku & Zadné pravidlo nelze
pouzit:
* repeat
a = GetNextToken;

{Tyto tokeny jsou pieskocCeny}
until a v mnozin¢ Context(A)

« if a € First(A) then ponech symbol A na zasobniku
else odstran A ze zasobniku; // a € Follow(A)
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Varianta II: Priklad

<pr0g>

}st-llst>

sexpr>

m +1d | 3 |write| 1d | ; end

‘I1d> € First(<expr>)
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