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5. Context Free Language (3):
(Text 5.4)

5.4. Ambiguity of languages and grammars
I Language = Set of grammatically correct words
Grammar Is ambiguous
< I word has two or more

» Each word has grammatical structure.
Grammar G grammatical correct structures

Ex) Time flies like an arrow.

‘Time’ flies like an arrow?

‘Time flies’ like an arrow?
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5. XAkBE B EEEEEI):
(TFAK5.4)

5.4. Ambiguity of languages and grammars

Grammar Is ambiguous

ULanguage L] & 3 word has two or more
rammatical correct structures
O J

“ Practically, ambiguity can be avoided by
Grammar G smart design of the grammar in most cases.

* There isa CFL L s. t. ‘any CFG G with L(G)=L
IS ambiguous.’ That is, the class of CFL is
essentially ambiguous.
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5. Context Free Language (3):
(Text 5.4)

5.4. Ambiguity of languages and grammars

— Some different levels ambiguities

1. It can be avoided by some tricks for a construction of a
grammar
For some languages, we can avoid it if we are smart enough.

2. It can be avoided if we admit some additional rule out of
grammar
For some languages, we can avoid it by Grammar + «

3. ltis inherently ambiguous
For some languages, any grammar for the language is ambiguous.
=The language L is said to be inherently ambiguous. 6/30
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5. Context Free Language (3);
(Text 5.4)

5.4.1. Ambiguity of grammars
Ex) G,=({E},{+, % ,a}, E>E+E |EXE | a, E)

e Sentential form a+a X a has two
essentially different derivations
(1) E= E+E = E+EXE = a+aXa
(2Q)E=EXE = E+EXE = a+axa

Note) There iIs a same structure
with different derivations

E = E+E = a+E = a+a +
E = E+E = E+a = a+a
*essentially different derivations=different parse trees
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5. XAk B HXEETEE(3):
(TF RR5.4)

5.4.1. BRI GE
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X ataxa DAEHIESEH
(1)E = E+E = E+EXE = at+aXa
(2Q)E=EXE = E+EXE = at+aXa

..k at(axa) (2) ...=, (a+a) X a
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5. Context Free Language (3):
(Text 5.4)

5.4.1. Ambiguity of grammars
Ex) G,=({E}.{+, X ,a}, E~E+E |EXE | a, E)
Sentential form a+a X a has two essentially different
derivations
(1) E = E+E = E+E XE = a+axa
(2)E= EXE = E+EXE = at+axa

1)

...corresponds to (2) ...corresponds to
at(axa) (a+a) X a

a a a a 10/30




5. XARE BXEESEE(I):
(T AK5.4)

5.4.1. BEBR7L3UE
Gl-({E} {+, %X .,a}, E2E+E|EXE|a, E) DS
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(1)E = E+E = E+EXE = ataXxa <O
(2Q)E = EXE = E+EXE = a+taXa

2. Iﬁui;ﬁ%i?m@llﬁ%h‘“fi
(1)E = E+E = E+E+E = atata
(2)E = E+E = E+E+E = ata+ta ()
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5. Context Free Language (3):
(Text 5.4)

5.4.1. Ambiguity of grammars
Ambiguities of G,=({E}{+, X ,a}, E~E+E|E X E|a, E)

1. It cannot represent the priority between [+] and [ X ]
(1) E = E+E = E+EXE = ataxa <O
() E=EXE = E+EXE = ataxa

2. The order among the same operators are not defined.
(1) E = E+E = E+E+E = a+a+a
(2) E = E+E = E+E+E = atata ()

» (Ambiguity for derivations)
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5. XAKBHX;EESEER)
(TF A K5.4)
5.4.2. Remove JEDEBIRSDRE
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G,=({I,F.E}.{+, % ,a,()}, A E) [l —»al(E)
A{F > FxF|I
E—->E+E|F

(1) E = E+E = E+F = F+I x| = a+aXa
(2) E=>F=>F><F=’3(E+E)><F=>(a+a)><a
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(1)
5. Context Free Language (3B
(Text 5.4) .
5.4.2. Remove ambiguity of grammars el
a a

1. The priority between [+] and [ X ]

We grind a ‘formula’ down to more detailed concepts; (2)

1. Identifier (1): Identifier a or a formula grouped by ().

2. Factor (F): Product of two identifiers

3. Expression (E): Sum of two factors X
62:({|1F1E}1{+1 x 1a1(1)}1 A1 E) KI — a| (E)

AF—>FxF|I a
b NN T
a a

(1) E= E+E = E+F = F+I x| > a+aXxa
(2) E= F=FXF = (E+E)XF = (a+a) X a
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5. XARE BMXEESEE(3):
(FF R 5.4)

5.4.2. 3EDBHKREDBRE (1)
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*
(1) E= E+F = E+F+F = F+F+F = a+a+a
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5. Context Free Language (3):
(Text 5.4)

5.4.2. Remove ambiguity of grammars (1)

2. Leftmost operator has priority
Use a variable meaning [priority for the leftmost operator];
for example,
E=E+E |
IS rewritten with F as
F= «
E=E+F|F -o®@

G,=({F.E}.{+ % ,a}, A E)

El |a

|F—a
|E>E+F|ExF|F

(1) E= E+F = E+F+F = F+F+F = a+a+a
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5. Context Free Language (3):
(Text 5.4)

5.4.2. Remove ambiguity of grammars
1. Priority between [+] and [ X ]
2. Priority for the leftmost operator
G,=({I,F.E}.{+, x,a,()} A E)
1 - a|(E)
A<F—>Fxl|I
E—>E+F|F

Ex) The unique parse tree for
E§>a+(a+a)><a+a><a><a a
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5.4.3. Ambiguity of derivations
3. The ambiguity of derivations

...Using the leftmost derivation, the ambiguity of
derivations is avoided; the way to sweep the parse tree Is
uniquely determined.

[Theorem] For a word, the number of parse trees equals to the
number of the leftmost derivations.

By two tricks 1 and 2, the parse tree for a formula is uniquely
determined.

By the leftmost derivation, the ambiguity of derivations is
avoided.

Practically, we can construct
unambiguous CFG for most CFL.
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5. Context Free Language (3):
(Text 5.4)

5.4. Ambiguity of languages and grammars
5.4.4. Inherent ambiguity

A language L is inherently ambiguous < Any grammar G
with L(G)=L i1s ambiguous.

v CFL contains inherently ambiguous languages.

v For some language L, we cannot compute if L is inherently
ambiguous or not.

=We only show an example language that is inherently
ambiguous.
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5. Context Free Language (3):
(Text 5.4)

5.4. Ambiguity of languages and grammars
5.4.4. Inherent ambiguity
Language L = {ab"c™d™|n=1, m=1}
U{abmcmd" |n=1, m=1}

L is a subset of aa*bb*cc*dd”™ such that

e aand b are the same number, and so are c and d, or
e aandd are the same number, and so are b and c.
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5. Context Free Language (3):
(Text 5.4)

5.4. Ambiguity of languages and grammars
5.4.4. Inherent ambiguity
A grammar that represents L={a"b"c™d™} U {a"b™c™d"}
G=({S,A,B,C,D}{a,b,c,d}X,S)
s — AB | C ———-sSJFOmer /Latier S
A — aAb | ab
X: < B—cBd|cd
C —aCd]abd What if akbkckdk 222
. D — bDc | bc
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5. Context Free Language (3):
(Text 5.4)

5.4. Ambiguity of languages and grammars
5.4.4. Inherent ambiguity

[Theorem] L={a"b"c™d™} U {a"b™c™d"} is inherently
ambiguous.

[Proof idea]

Any grammar G with L(G)=L has at least two parse
trees for the word akbkckdk, since akbkckdk has to be
derived by the rules for a"b"c™d™ and the rules for
a"bmcmdn,
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5.4. AL SEDERRS

5.4.4. KERIGFEEBRS B AB
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EEE L:{anbncmdm} U {anbmcmdn} j& | A — aAb | ab

RI9 2 3EDH: X 11B —cBd|cd

G=({S,AB,C,D}.{a,b,c,d},X,S) C —aCd |aDd
‘D —DbDc|bc
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5.4. Ambiguity of languages and grammars

5.4.4. Inherent ambiguity 'S > AB|C

A grammar that represents A — aAb|ab

L={ab"cmd™} U {a"bmcmd}: X :4B —cBd |cd

G:({S,A,B,C,D},{a,b,C,d},X,S) C N aCd | aDd
Two parse trees for the word aabbccdd D — bDc | bc

ASs an element in a"bhcmdm
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