5. AR B H3CEETFEQ):
(THAN5.4)
54X£t£%®@ﬁé

Eén— SGERICIELLVGEDES
BB, SUEICKBEIEERD

SGEMBERR
SHBHENE L ELLVEE ZEREED

{51) Time flies like an arrow.

TBFIERD KSR DH?
TEFUB L RETFT 1D H?
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5. Context Free Language (3):
(Text 5.4)

5.4. Ambiguity of languages and grammars

Language = Set of grammatically correct words
« Each word has grammatical structure.

Grammar is ambiguous
< Jword has two or more

grammatical correct structures

Ex) Time flies like an arrow.

‘Time’ flies like an arrow?

‘Time flies’ like an arrow? o

5. XARBHEIGEEEEEQR):
(TFRK5.4)
5.4. XELE B DEBS

X,ﬁb\ﬂgﬂi
SHHENE L ELWVEE BB

i
._&13%6 iFFJJ: J:(Fﬁb\bin.éo

*CFL L ©.lL(G)=L Z#=9 £A% CFG GlH
BRI SEIC 50 DA 8D, DFEY CFL [E
AEMGEBRSEL D,
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5. XAkBE B3 EESFEQ):
(THRI5.4)
5.4. Ambiguity of languages and grammars

=

Grammar is ambiguous
<« 3 word has two or more

grammatical correct structures

 Practically, ambiguity can be avoided by
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. XARE HXEEEER):
(T RI5.4)

5.4, 3EELEFEDEERS

— LDHDESELARLDEERRS
1. EOBBELIXRTNIEEETED
ZOEECHLT, EFICHRLTONISERATEE

2. AN —ILERETAILRE#ETES
Xik+ o TR

3. REMICEERR
BB LERRT AL ANSTELERIZH>TLES
SEELIEAENICERTHD. £S5,
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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. Itis inherently ambiguous
For some languages, any grammar for the language is ambiguous.
=The language L is said to be inherently ambiguous. 6/30




5. XARB HEGEEEEEQ):
(FFRR5.4)

5.4.1. BBBRASTE
#l) G,={E}{+ % a}, EPE+E |[EXE|a,E) (2)

o X ataxa DABEHITESEH

(1) E = E+E = E+EXE 3 a+axa

(2 E=ExXE=E+EXE 3 a+taxa

F) BHARSTWTH. ABEMICRALEELHD
E = E+E = a+E = ata ﬁ
lal [al

E = E+E = E+a = ata

*AEMICESHH=BXAOHAIES

7130

(Text 5.4)

5.4.1. Ambiguity of grammars
Ex) G;=({E}{+, % ,a}, E~E+E|EXE|a,E)
Sentential form a+a X a has two
essentially different derivations
(1) E = E+E > E+EXE > ataxa
(2)E=ExXE = E+EXE 3 ataxa

Note) There is a same structure

with different derivations

E=E+E=atE=a+a

E = E+E = E+a = a+a @ &
“essentially different derivations=different parse trees

8/30

5. X ARE EXEEEEEQR):
(FHFRI5.4)

5.4.1. BEBR7E R
#1) G,=({E}{+,x a}, ESE+E |[EXE | a,E)
o X ataxa DABEHIHESEH
(1)E = E+E = E+EXE S ataxa
(2 E= EXE = E+EXE 3 ataxa

.. (a+a) xa
[faboiry

..% a+(axa)
[faboiry

@
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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)
« Sentential form a+a X a has two essentially different
derivations
(1) E = E+E = E+EXE = ataxa
(QE=EXE = E+EXE 3 ataxa

...corresponds to  (2)
at(axa)

...corresponds to
(ata)xa
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5. XARE HXEEEEEQ):
(T RI5.4)

5.4.1. BEBRAE A
G,=({E},{+, x ,a}, E~E+E|EXE | a, E) DEERRE

1. EEFHE[XDOBEIBLNARBRTELRL
(1)E = E+E = E+EXE S ataxa <O
(2)E=EXE = E+EXE S ataxa

2. ﬁ]lifi%?lﬂd)lllﬁﬁh"fi
(1)E = E+E = E+E+E = atata
(2)E = E+E = E+E+E S atata —Q

3. (EHDEEKS)
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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
(2) E® EXE = E+EXE 3 ataxa

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

» (Ambiguity for derivations)

12/30




5. XARB HRSUEESFEQ)

(TFAR5.4)

5.4.2. Remove 3EDEBEBKEDIRE
1. BEFHE(X]DEEIEMERIRTS
IR Et oM< EBELEST,
1 EH() BT a FEHENCEEALR
2 () BROB. SEYEHE x TORNELD
3. (E) HOM. DEYEE + TOBNELD
G,=({I,F.E}.{+, % ,a,(,)}, A, E) [ >al(E)
AF S FExF(I
E>E+E|F

(1) E= E+E = E+F 3 F+I x| S a+axa
(2) E= FFXF = (E+E)xF 3 (at+a) xa
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5. XAk B EESFE(Q):

(FHRK5.4)

5.4.2. EDBHRS OB E
2. RALEEFADIEEZRDD
[EEBETBHDOEREAND: HIZE
E=E+E |

FLUTOERET S,
F=a
E=E+F|F

G=({F.E}.{+ % .a}, A E)
JF—a
"|E->E+F|ExF|F

*
(1) E= E+F = E+F+F = F+F+F = a+a+a
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5. AR BE B3EESFEQ):

(FHRR5.4)

5.4.2. 3GEDEBBRS DR E
1. EEF[HE[ x| 0BEIEREREL.
2. EEXERBTS

G,=({I,F.E}.{+, % ,a,()}, A E)
1 —>al(E)
AF > FxI]I
E->E+F|F
) E S at(ata)xa+taxaxa

IZH T BBXRITEDHLDLET
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5. Context Free Language (3
(Text 5.4)

5.4.2. Remove ambiguity of grammars

1. The priority between [+] and [ X ]
We grind a ‘formula’ down to more detailed concepts; ()
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]

G ={I.LF.E}.{+,x a,()}, A, E) [ »>al(E)
ALFSFExFIL [(EDN @
.— E—>E+E|F
(1) E= E+E = E+F 3 F+I x| > a+axa
(2) E= FFXF 3 (E+E)XF 2 (ata)Xa
E E 14/30

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

5.4.2. Remove ambiguity of grammars
2. Leftmost operator has priority
Use a variable meaning [priority for the leftmost operator];
for example,
E=E+E|a

is rewritten with F as
F=a
E=E+F |F co@

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

|F—>a
E>E+FIEXFIF
(1) E= E+F = E+F+F = F+F+F S atata
16/30

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},{+, % ,a,(,)}, A E)
I »>al(E)
ASF o> FExI|I
E—->E+F|F

EX) The unique parse tree for
E S at(ata)xa+taxaxa

18/30




543 BRIZRHILIFRELTOREERR
3. BHICETHEHRSELT
REBHICEO T BXADMEY S IE—BHIC
RED,

[EE] EOBXADEHLZEEHOBERITIRL
12 DHEIZES T EALNETX I OB KIE—EMIC

RED
3DHEITEOT, BHOIEE I T DB SIS,

ERHE. Z<OCFLIFELEDAET
BEBK CARL\CFCEEET HENTED,
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5. XARBHEXEEEEEQ):
(TFRK5.4)
5.4, 3R EEEDERRS
5.4.4. KERTEBERE
EELAAENICER © LERBTAEEOCENERK
v CFLIZABMICEKLSEEST
v Bzbhi-EEAAEMICEENESNL. HEILEST
HEFBILETEEND

SCCTIRABNICEBRAEEDRERTICEEDS

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.

20/30
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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 is 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.
22130

5. XARBHANEEEFEQ):
(FFRAR5.4)
5.4, EESEFDEHKRS
5.4.4. RERFEBERS
EE L={abcd"|n=1, m=1}
U{abmcmd" |n=1, m=1}

L (. aa*bb*ccdd” DERHEA T,
o albARHMDcEdIMRK. =T
o aldAEHEANDD ECc AR
ThHHILILEDES
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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 = { a"b"c™d™ |n=1, m=1}
U{a"bmcmd" |[n=1, m=1}

L is a subset of aa"bb*cc*dd” such that
¢ aand b are the same number, and so are ¢ and d, or
» aand d are the same number, and so are b and c.

24130




5. XARBE B3GEEEEEQ): 5. Context Free Language (3):
(TFAR5.4) (Text 5.4)
54. EEEBDEKSE 5.4. Ambiguity of languages and grammars
5.4.4. RERFEERS 5.4.4. Inherent ambiguity
£58 L={a"b"c"d™} U {a"bmcmd"} ZRITT Z3EDHI: A grammar that represents L={a"b"cmd™} U {a"bmcmdn}:
G=({S,AB,C,D}{a,b,c,d},X,S) G=({S,A,B,C,D},{ab,c,d},X,S)
S—AB|C S—AB|C
A— aAb|ab A— aAb|ab
X: < B—cBd|cd X: 4 B—cBd|cd
C—aCd|abd 5B akbkckdk (3272 C—aCd|abd \ What if akbkckdk 222 \
D — bDc | bc D — bDc | bc
25/30 26/30
5. XAk B B3EEFREQ): 5. Context Free Language (3):
(TFRK5.4) (Text 5.4)
54. EEEBDEKSE 5.4. Ambiguity of languages and grammars
5.4.4. RERFEERS 5.4.4. Inherent ambiguity
[EHE] E:& L={a"b"c"d™} U {a"bmcnd"} (ARG HII [Theorem] L={a"brc™d™} U {a"bmcmd"} is inherently
BETHD ambiguous.
[FEBAD T AT 7] [Proof idea]
LZRET HEALIGELEE akbkekd IS L TIE Any grammar G with L(G)=L has at least two parse
BHOBXAREF DILETRT, abendn Z4ERK trees for the word akbkckdk, since akbkckdk has to be
FBHIMALE, abrend ZERM T HIBAIOEAES derived by the rules for a"b"cmd™ and the rules for
akbkckak ZER BT BEZ LY, anbmemdn,
5.4, UKL EBEDEEES §95AB[C
5.4.4. RERGEEKRS A aAblab
538 L={a'bcmd"} U {arbrend'} £ —aAbla
FRT BEOH: 2 e
G=({S,AB,C,D},{a,b,c.d}.X,S) C —aCd|abd
| aabbecdd @20 DA | D = bDefbe
[[abrcrd BEFERFEE |
[a][Al[b] [d]

5.4. Ambiguity of languages and grammars
5.4.4. Inherent ambiguity
[a] [b] (d]

S > AB|C
A grammar that represents A—>aAb|ab
L={a"b"cd™} U {a"b™c™d"}: X :4B —>cBd |cd
G=({SAB,C,D}{ab,c.d}XS)
\ Two parse trees for the word aabbccdd \
‘ As an element in a"o"cmd™ ‘
[allCl[d]
[a][D[d]
[b]
- [b]
29/30

C —aCd |abd

D — bDc | bc

[al[Al[b] [c]BI[d]

lal[b] [c][d]

5 B BE®
of & &

(1
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