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Grammars



Grammars-An example



How does a grammar work?



Parse Trees



A grammar for English







Alternate Parse tree



Structural Ambiguity



Grammar 
definition(Remember)



Context Free Grammar



Designing Context free grammars



Some Examples
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Some Examples

𝐿 = {𝑎𝑛𝑏𝑚𝑐𝑚𝑐2𝑛|𝑛, 𝑚 > 0}
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Homework1
• 𝐿 = 𝑎𝑛𝑏𝑚 𝑛 ≠ 𝑚

• 𝐿 = 𝑎𝑛𝑏𝑚𝑐𝑘 𝑛 = 𝑚 𝑜𝑟 𝑚 = 𝑘

• 𝐿 = 𝑎𝑛𝑏𝑚𝑐𝑘 𝑛 > 𝑚 + 𝑘



Summary



Grammar for arithmetic 
expressions



Exhaustive search parsing
• Suppose w is a given string and you want 

to determine that w belongs to L or not.

• Example:

• 𝑆 → 𝑆𝑆 𝑎𝑆𝑏 𝑏𝑆𝑎|𝜀

• w=aabb



Round1
• 𝑆 → 𝑆𝑆

• 𝑆 → 𝑎𝑆𝑏

• 𝑆 → 𝑏𝑆𝑎

• 𝑆 → 𝜀

• w=aabb



• Extending 𝑆 → 𝑆𝑆:
 𝑆 → 𝑆𝑆 → 𝑆𝑆𝑆

 𝑆 → 𝑆𝑆 → 𝑎𝑆𝑏𝑆

 𝑆 → 𝑆𝑆 → 𝑏𝑆𝑎𝑆

 𝑆 → 𝑆𝑆 → 𝑆

•



• Extending 𝑆 → 𝑎𝑆𝑏:
 𝑆 → 𝑎𝑆𝑏 → 𝑎𝑆𝑆𝑏

 𝑆 → 𝑎𝑆𝑏 → 𝑎𝑎𝑆𝑏𝑏

 𝑆 → 𝑎𝑆𝑏 → 𝑎𝑏𝑆𝑎𝑏

 𝑆 → 𝑎𝑆𝑏 → 𝑎𝑏

• We can eliminate some of these extensions in the 
next round!

• w will be obtained in the next round as:
 𝑆 → 𝑎𝑆𝑏 → 𝑎𝑎𝑆𝑏𝑏 → 𝑎𝑎𝑏𝑏



Weaknesses

• Low performance

• Infinite loop

 In previous example, let w as abb



Weaknesses

• Low performance

• Infinite loop

 In previous example, let w as abb

 Sometimes it is possible to solve this 
problem by re-writing the grammar 
such as below:

 𝑆 → 𝑆𝑆 𝑎𝑆𝑏 𝑏𝑆𝑎|𝑎𝑏|𝑏𝑎



Ambiguity





Example
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Example
• 𝐿 = {𝑏𝑛𝑎𝑏𝑚|𝑛, 𝑚 ≥ 0}

• 𝑆 → 𝑏𝑆|𝑎𝐴

• 𝐴 → 𝑏𝐴|𝜀

q0 q0
a

b b



Example
• 𝑆 → 𝑏𝑆|𝑆𝑏|𝑎



Example
• 𝑆 → 𝑏𝑆 𝑆𝑏 𝑎

• w=bbab

• 𝑆 → 𝑏𝑆 → 𝑏𝑆𝑏 → 𝑏𝑏𝑆𝑏 → 𝑏𝑏𝑎𝑏

• 𝑆 → 𝑆𝑏 → 𝑏𝑆𝑏 → 𝑏𝑏𝑆𝑏 → 𝑏𝑏𝑎𝑏



د؟آیا یک گرامر منظم می تواند مبهم باش



د؟آیا یک گرامر منظم می تواند مبهم باش
.بدست آمده باشدNFAوقتی که از روی یک ! بله•

q0 BA
a a

a,b a,b

𝑆 → 𝑎𝑆 𝑏𝑆 𝑎𝐴
𝐴 → 𝑎𝐵

𝐵 → 𝑎𝐵|𝑏𝐵|𝜀



اشد؟آیا یک زبان منظم می تواند ذاتا مبهم ب



Grammar Transformation

• Removing useless symbols
• Symbols which cannot reach to terminals

• Symbols which cannot be accessible from S



Removing 𝜀
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Removing 𝜀



Removing unit productions
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S

F

EB

A



Example
• 𝑆 → 𝐵𝑆|𝐵

• 𝐴 → 𝑎𝐴|𝑎𝐹

• 𝐵 → 𝑏

• 𝐸 → 𝑎𝐴|𝐵𝑆𝐴

• 𝐹 → 𝑏𝐵|𝑏

Finally the grammar decreases to:

• 𝑆 → 𝐵𝑆|𝐵

• 𝐵 → 𝑏

S

F

EB

A



Chomsky Normal Form







Example2
• 𝑆 → 𝑎𝐴𝐵𝐶|𝑎

• 𝐴 → 𝑎𝐴|𝑎

• 𝐵 → 𝑏𝑐𝐵|𝑏𝑐

• 𝐶 → 𝑐𝐶|𝑐



Greibach Normal Form (GNF):

• Is a type of normal form for context-free 
grammars. In GNF, all production rules have the 
form:

• 𝐴 → 𝑎𝛼

• 𝑆 → 𝜀

• where A is a non-terminal symbol(𝐴 ∈ 𝑉∗), a is a 
terminal symbol, and 𝛼 is a string of non-
terminals. 

• The right-hand side can start with a single 
terminal symbol followed by non-terminals.



Greibach Normal Form (GNF):

• 𝐺1:
 𝑆 → 𝑎𝐴𝐵|𝑏𝐵

 𝐴 → 𝑏𝐵𝐴|𝑏

 𝐵 → 𝑏𝐵|𝑏

• 𝐺2:
 𝑆 → 𝑎𝑆𝐵|𝑏

 𝐵 → 𝑏𝐵𝐵|𝑏
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