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TOPICS TO BE COVERED

® Simplifications of Context-Free Grammars
® Reduced Forms
® Removal of Useless Symbols




A SUBSTITUTION RULE

Equivalent
grammar
> a8 S—aBl|ab
A — aaA
Ay abRe | Stbstitute A—> aaA
B—Db A — abBc|
B— aA

B — aA
B—ob




A SUBSTI T@T % E{@LE

A — aaA
A — abBc | abbc
B—aA

Substitute
B —> aA

S —> AR | ab | aaA
A — aaA
A—> 3bBC | abbc | abaAc

Equivale
grammar
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In general:
A — XBz

B—)yl

Substitute
B> Y1

equivalen

A — XBz | xy;z grammar




NULLABLE VARIABILES

A —production : A—>A

Nullable Variable: A=..=> A




REMOVING NULLABLE VARIABLES
Example Grammar:
S — aMb
M — aMb
M —>A

/

Nullable variable




Final Gram

S —»>aM

S — aMb |
Substitute S —>ab

E z M — a

M — ab




UNIT-PRODUCTIONS

Unit Production: A—>B

(a single variable in both sides)




REMOVING UNIT PRODUCTIONS

Observation:

A— A

Is removed immediately




Example Grammar:

S —>aA
A— a
A—B
B—o> A
B — bb




S > aA
A—>a

B—> A
B —bb

Substitute
A—>B

S —>aAl
A— a

B— A]
B — bb




S—>aAlaB S —>aA

A—a Remove A— a

B— AR BB B— A
B —hb B —bb




S—>aAlaB
A S—>aAlaB
—a Substitute

M B A A—a

3 s bb B —bb




Remove repeated productions

Final gra
S —aA|aB |34 S —aA

A— a mmmmp) A—>a
B — bb B — bb




USELLESS PR@@@_@)@@NS

S>> A
S>> A

Useless Produ

Some derivations never terminate...

S=>A—=aA— aaA—...—aa...aA
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Another grammar:

S>> A
A — aA
A—> A

Useless Produ

Not reachable from S




In general: contain
termina

I S=> .. =oXAy=> ... =W

\

W e

then variable A is useful

otherwise, variable A is useless




A production A — X is useless
if any of its variables is useless

S —asSbh
S —> A Productions
Variables useless
useless useless
useless useless

useless

@ useless

o




REMOVING USELESS PRODUCTIONS
Example Grammar:

S—aS|A|C
A—a

B — aa
C - aCb
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First: find all variables that can pro
strings with only terminals

S >aS|A|Cc  Roundl: {AB}

S—> A

C — aCb Round 2: {A,B,S}




Keep only the variables
that produce terminal symbols: {A,B

(the rest variables are useless)

A3 S —>aS|
B > aa — A—a

M B — aa

Remove useless productions




Second: Find all variables
reachable from S

Use a Dependency Grc

S —>aS| A 9

A— a B

B — aa no
redac




Keep only the variables

reachable from S
(the rest variables are useless)

Final Gram
S—>aS|A

A—a
;Kﬁ ‘ A— a

Remove useless productions

S—aS|




REMOVING ALL

@Step 1: Remove Nullable Variables
@Step 2: Remove Unit-Productions

@Step 3: Remove Useless Variables
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