Parsing

 parsing refers to the process of finding a derivation for a
string w using the rules of grammar G, or showing that no
such derivation exists

that w € L(G) is important for establishing that w is syntactically
correct

finding a derivation for w is an important first step in semantic
analysis
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Parsing

 write this BNF grammar using E:=T[+T]...
the standard context-free T:=F[«F]...
grammar notation Foon ( E% |z|y|s
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Parsing
. R . E E+FE
« find a derivation of x+y*z in the grammar -
shown E—ExE
E — (E)
E—=x
E—uy
EFE—=F+E F= E+F E—FExE
— F+ExFE —zz+ F — E+FE«FE
— E+y=xF —r+ExFE =+ Ex+E
= x+y*xE —= artyx L =z tyxE
— T+ y*z == rTty*z == rty*z
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 in order to have an efficient parsing algorithm for a
grammar, we need

an unambiguous grammar — only a single derivation is possible

a deterministic process — only one rule can be applicable in a
given step
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Left Derivations

* in general, there are many possible derivations for a
string in L(G)

* in a left derivation, always replace the leftmost non-
terminal in the next step

E—E+E E—E+E E—E+E
E—ExE — E+E+E — o+ E
E— () = E+y=F —r+ExE
E—u —x+tyxkE —r+yxkE
E—u =TI +y*z = Tr+y*xz
E—z

any string that has a derivation has a left derivation
« the same rules are applied, it's just the order that is changed
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1. Show that each of the following grammars is ambiguous by finding a string
that has two left derivations according to the grammar:

a) S — 5SS b) § — ASH
S — aSh S—c
S — bSa A—aA
S —= A—a

L —m—r—————————————
B —————
3

CPSC 229: Foundations of Computation + Spring 2024

Ambiguous Grammars

+ a context-free grammar G is ambiguous if there is a string
w € L(G) such that w has more than one left derivation
according to G

E—E+E| g _.pyE E—E+E
Eom Bxl s+ E — E+E+E
E—(E) = o+ ExE = z+E+E
E—zx e r ity E — a4 ysE
E—y — T+yxz =T ty*z
F—z
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Unambiguous Grammars

E—E+El g __piE E—E+E
E—E+E —= ar+ F = F+ExE
E—(E) —c+ ExE =+ ExE
E—a = ar+yxFE = a+yxE
E—y = rtyxz = r+y*2
F—z

precedence rules govern the interpretation of an expression like
x+y*z in order to resolve the ambiguity in meaning

« since we are usually parsing something as a step towards determining its
meaning, the grammar should also be unambiguous and reflect the proper

interpretation
E::=T[+T]...
T::=F [« F]...
Fi=%"E" |z|y|z
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« write this BNF grammar using E:=T[+T]...

the standard context-free
grammar notation

N
il

Fl«F]...
CEY |alyl

E—TA
A— +TA
A—c¢
T — FB
B — %FB
B—c¢
F— (FE)
F—uz
F—y
F—z
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LL(1) Grammars

* in an unambiguous grammar G, at each
step in a left derivation there’s only one
production that can be applied that will
lead to a correct derivation of w

> Gisan LL(1) grammar if that one

production can be determined by (only)

looking ahead to the next symbol in w
LL(1) means w is read Left-to-right and a Left
derivation is constructed by looking ahead at
most 1 character in w
LL(1) grammars are nice in practice because it
is straightforward to write a computer program
to parse them
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E—TA
A— +TA
A—¢

T — FB
B — «FB

F — (E)
F—=x
F—y
F—z
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« give a left derivation for x+y*z

EF—TA E=TA
A— +TA = FBA
A — 2BA
T+ FB =

= a+TA
B — «FB — 2 FBA
B—e — z+yBA
F—(E) — 2 +y«FBA
F—= — x+yx*zBA
F—uy = +yxzA
F—z =T +Yyxz
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2. Consider the string z+(x+y)+x. Find a left derivation of this string according
to each of the grammars G, G2, and G2, as given in this section.

E—E+FE E—TA E—E+T
E—ExE A—+TA E—T
E — (E) A—=¢ T —TxF
E—u=x T—FB T s F
E—y B — xFB F—(E)
E—=z B—=¢ F—ax
F— (E) F—y
F—a F—z
F—y
F—uz
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« find a left derivation for (x+y)*z
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E—FE+T
E—T

T —TxF
T —F
F—(E)
F—ux
F—y
F—=z
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LR(1) Grammars

 not all unambiguous context-free grammars are LL(1)
e Gis an LR(1) grammar if it is always possible to tell which

rule to apply at each step of the right derivation by (only)
looking ahead to the next symbol in w
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