Suntaksanaluus

Mitmesuse elimineerimine
Abstraktne suntaksipuu
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MItmesus

Grammatika on mitmene (ambiguous), kui uhe lause jaoks leidub mitu stintaksipuud.
Mida teha, et sbna ,x+x*x" t0lgendataks digesti?



Mis grammatika utlelb?

Avaldis on avaldis plus avaldis. E > E+E

Avaldis on avaldis korda avaldis. ExE

(E)

2 + 3 ja 4 saab kokku X

panna avaldiseks
2+ 3%4.

Sulgavaldis on avaldis.

Naiteks avaldised

Muutuja on avaldis.




Probleemipustitus

« Voime avaldised 2 + 3 ja 4 Uhendada korrutusmargiga.
Meie saadud 2 + 3 * 4 on aritmeetiliine avaldis! &

» Aga avaldise vaartus ei ole avaldiste 2 + 3 ja 4 korrutis.
Avaldise vaartus on hoopis 2 + (3 *4) = 14. @

e Kuidas ehitada selline grammatika, mis oleks kooskolas tehete
vaartustamise jarjekorraga?



lagasli ponikooli...

Liitmine: plussiga eraldatud liidetavate list. L,+L,+--+L,
Tulemuseks on nende summa.

Korrutamine: korrutusmargiga eraldatud tegurite list. 177 *1,* - * 1,
Tulemuseks on nende korrutis.

Pohiklsimus: kas 2 4+ 3 on tegur? T*4

2 4+3%4

Vastus: ainult siis kui sulud on Umber (2 + 3). (0 +3)%4



POnIkoolist grammatikan

Regulaar-
avaldisena:

L(+L) *

E— E+4+L
* Avaldis on plussiga eraldatud liidetavad. L
e [iidetavad on korrutusmargiga eraldatud tegurid. L - LxT
T
e Jegur on arvkonstant vOI sulgavaldis. ‘
T — (E)



UJldisem skeem

e |ga prioriteeditaseme Jaoks toome sisse uue mitte-terminali.

* [ugevama prioriteediga operaatoritele vastavad reeglid paigutame
,Sugavamale”, naiteks korrutamine on sugavamal kul litmine.

e \asakassotsiatiivse operaatori korral vasakrekursioon.
Paremassotsiatiivse operaatori korral paremrekursioon.
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Exp —m Exp + BExp2 Tahame saada
—>m Bxp2 + BExp2 TN @ e @
peame alustama

—>m BExp3 + BExp2

litmisegal

—>m Bxp4 + BExp2
—im num + HExp?2 @ @ ‘ @

—>m num + Hxp2 x BExp3

—>Im = num -+ EXp3 * EXp-?) Exp3 Exp3 Exp4

—m num + HExp4 x BExp3

—>m num + num x BExp3 i

—>m num + num x BExpé @ @
—>m num + num x num

BExp — HBExp + BExp2 BExp3 — Exp4 xx BExp3
| Exp2 |  Exp4

T Naide: Prioriteedid
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Saame ainult paremal

—>m  BXp2 uuesti astendada!
—Im EXp3
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—>im NUM *xx Hxp3 @
—>m num xx Expd xx HExp3

—>m  NUM ** num *x*x Exp3

—>m  NUM *x*x num x*x BExpé

BExp + BExp2 BExp3 — Exp4 xx BExp3
Exp2 |  Exp4
Exp2 *x Exp3 Exp4d — ( Exp)

e Paremassotsiatiivsus



Exp

BExp —
|

BExp2 —

—>m BxXp + BExp2
—>m Hxp + BExp2 + |
—>m Bxp2 + BExp2 + Exp2
—>m Hxp3 + Exp2 + BExp2
—>m Bxp4 + BExp2 + Exp2
—>m num + Hxp2 4+ Exp?2
—>m num + BExp3 + BExp2
—>m num + Hxp4 + Exp?2
—>m num + num + Exp2
—>m num + num + HExp3
—>m num + num + HExp4
—Im UM — nuUmM +— num
BExp 4+ BExp2 Exp3 — HExp4 xx BExp3
Exp2 |  Exp4
Exp2 *x Exp3 Exp4d — ( Exp)
Exp3 | num

Saame ainult

vasakul uuesti liital

Vasakassotsiatiivsus



AdditiveExpression:
MultiplicativeExpression
AdditiveExpression + MultiplicativeExpression
AdditiveExpression — MultiplicativeExpression

MultiplicativeExpression:
UnaryExpression
MultiplicativeExpression * UnaryExpression
MultiplicativeExpression / UnaryExpression
MultiplicativeExpression $ UnaryExpression

Mitte ainult ponikoolis...

https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.htmli#jls-15.18



https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-15.18
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-MultiplicativeExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-AdditiveExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-MultiplicativeExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-AdditiveExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-MultiplicativeExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-UnaryExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-MultiplicativeExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-UnaryExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-MultiplicativeExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-UnaryExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-MultiplicativeExpression
https://docs.oracle.com/javase/specs/jls/se16/html/jls-15.html#jls-UnaryExpression

Oluline mitmesuse naide!

Stmt — 1f Cnd then Stmt CIEE
. Kuulub see
of Cnd then Stmt else Stmt else?

Other
if Cnd; then 1f Cnds then Stmt, else Stmts

D
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if Cnd; then(if Cnd, then Stmt; else Stmty) if Cnd; then(if Cnd, then Stmti)else Stmts

R
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Stmt —  WithElse (Nomise)
| NokElse

WithElse — 1f Cnd then WithElse else WithElse @ @ @ @
‘ Other (Java Spec: “StatementNoShortlf”)

NoElse — 2f Cnd then Stmft
\

(ishmisy
if Cnd then WithElse else NoElse G @
(omer)  (omer

Uhene grammatikal

WithElse lubalb ainult tasakaalus if-lauseid; NoElse lubab ka ilma else’ita tingimuslauseid.
[f-then-else korral on then-harus ilma else’ita tingimuslaused keelatud.



https://docs.oracle.com/javase/specs/jls/se16/html/jls-14.html#jls-StatementNoShortIf

ADstraktne suntaksipuu

Mitmesust eemaldame  kihilise”
grammatika abil.

Konkreetsele derivatsioonile vastavas

suntaksipuus on ebaolulised vahetipud.

Selle asemel kasutame edasiseks
tO0tlemiseks abstraktset stntaksipuud
(abstract syntax tree, AST).

Tipud vastavad otse
keelekonstruktsioonidele!
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KOKKUVOte

Mitmene avaldisgrammatika defineerib mugavalt avaldiste stuntaksi.

Uhene avaldisgrammatika on kooskdlas tehete tdhendusega,
naiteks lubab korrutada ainult tegureid.

Grammatikast mitmesuse eemaldamiseks tegime selle kihiliseks,
jalgides seejuures tehete prioriteete |a assotsiatiivsust.

Nagime ka, kuidas if-lausete grammatikast mitmesust eemaldada.
(Keelasime if-then-else tingimuslausete then-harus ilma else’ita if-laused...)



