
Quiz

• For the below FA, write left linear 
and write linear grammar.
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• Solution:
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𝑆 → 𝐹 𝑎𝐴 𝑏𝐵
𝐴 → 𝑎𝐵|𝑏𝐶
𝐵 → 𝑎𝐵|𝑏𝐷
𝐶 → 𝑎𝐶 𝑏𝐶 𝐹
𝐷 → 𝑎𝐷 𝑏𝐷 𝐹

𝐹 → 𝜀



• Solution:
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𝜀

𝑆 → 𝐴 𝐸 𝐷
𝐴 → 𝜀
𝐵 → 𝐴𝑎

𝐶 → 𝐶𝑎 𝐴𝑏 𝐵𝑎
𝐷 → 𝐷𝑎 𝐷𝑏 𝐶𝑏
𝐸 → 𝐸𝑎|𝐸𝑏|𝐵𝑏
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Regular or not?



The Pigeonhole principle







Pumping a string





The Pumping Lemma



Example
• 𝐿 = 𝑎𝑛𝑏𝑛 𝑛 ≥ 0}



Example
• 𝐿 = 𝑎𝑛𝑏𝑛 𝑛 ≥ 0}

• Assume L is regular

• We must pick an string s∈ 𝐿 which |s|>m



Example
• 𝐿 = 𝑎𝑛𝑏𝑛 𝑛 ≥ 0}

• Assume L is regular

• We must pick an string s∈ 𝐿 which |s|>m

• Let s = 𝑎𝑚𝑏𝑚, |𝑎𝑛𝑏𝑛|=2m>m



Example
• 𝐿 = 𝑎𝑛𝑏𝑛 𝑛 ≥ 0}

• Assume L is regular

• We must pick an string s∈ 𝐿 which |s|>m

• Let s = 𝑎𝑚𝑏𝑚, |𝑎𝑛𝑏𝑛|=2m>m

• Let s=XYZ

• Let 𝑎𝑚=XY, 𝑏𝑚=Z. So, Y is a string of ‘a’s.

• It is confirmed that|XY|<=m and |Y|>=1



• Since XYZ ∈ 𝐿, then 𝑋𝑌𝑖𝑍 ∈ 𝐿, too (i>1)



• Since XYZ ∈ 𝐿, then 𝑋𝑌𝑖𝑍 ∈ 𝐿, too (i>1)

• i.e. 𝑋𝑌𝑌𝑍 ∈ 𝐿, 𝑋𝑌𝑌𝑌𝑍 ∈ 𝐿 and etc.

• 𝑋𝑌𝑌𝑍=𝑎𝑚+1𝑏𝑚

• 𝑋𝑌𝑌𝑌𝑍=𝑎𝑚+2𝑏𝑚

• 𝑋𝑌𝑖𝑍=𝑎𝑚+𝑖𝑏𝑚



• Since XYZ ∈ 𝐿, then 𝑋𝑌𝑖𝑍 ∈ 𝐿, too (i>1)

• i.e. 𝑋𝑌𝑌𝑍 ∈ 𝐿, 𝑋𝑌𝑌𝑌𝑍 ∈ 𝐿 and etc.

• 𝑋𝑌𝑌𝑍=𝑎𝑚+1𝑏𝑚

• 𝑋𝑌𝑌𝑌𝑍=𝑎𝑚+2𝑏𝑚

• 𝑋𝑌𝑖𝑍=𝑎𝑚+𝑖𝑏𝑚



Example

• 𝐿
= {𝑝𝑎𝑙𝑖𝑛𝑑𝑟𝑜𝑚𝑒𝑠 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 𝑜𝑛 {𝑎, 𝑏} 𝑜𝑓 𝑜𝑑𝑑 𝑙𝑒𝑛𝑔𝑡ℎ}

• We want to prove that L is not regular



Example

• 𝐿
= {𝑝𝑎𝑙𝑖𝑛𝑑𝑟𝑜𝑚𝑒𝑠 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 𝑜𝑛 {𝑎, 𝑏} 𝑜𝑓 𝑜𝑑𝑑 𝑙𝑒𝑛𝑔𝑡ℎ}

• We want to prove that L is not regular

• We select 𝑎𝑚𝑏𝑎𝑚 as s. 

 It definitely belongs to L

 Its length is odd



Example

• 𝐿
= {𝑝𝑎𝑙𝑖𝑛𝑑𝑟𝑜𝑚𝑒𝑠 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 𝑜𝑛 {𝑎, 𝑏} 𝑜𝑓 𝑜𝑑𝑑 𝑙𝑒𝑛𝑔𝑡ℎ}

• We want to prove that L is not regular

• We select 𝑎𝑚𝑏𝑎𝑚 as s. 

 It definitely belongs to L

 Its length is odd

• XYZ=𝑎𝑚𝑏𝑎𝑚. XY=𝑎𝑚 which |XY|<=m.

• Therefore, Y can be ‘𝑎𝑘 ’ where 1<=k<=m



Example

• 𝐿 =
{𝑝𝑎𝑙𝑖𝑛𝑑𝑟𝑜𝑚𝑒𝑠 𝑠𝑡𝑟𝑖𝑛𝑔𝑠 𝑜𝑛 {𝑎, 𝑏} 𝑜𝑓 𝑜𝑑𝑑 𝑙𝑒𝑛𝑔𝑡ℎ}

• We want to prove that L is not regular

• We select 𝑎𝑚𝑏𝑎𝑚 as s. 

 It definitely belongs to L

 Its length is odd

• XYZ=𝑎𝑚𝑏𝑎𝑚. XY=𝑎𝑚 which |XY|<=m.

• Therefore, Y can be ‘𝑎𝑘 ’ where 1<=k<=m

• XYYZ=𝑎𝑚+𝑘𝑏𝑎𝑚



• In other word, When we have to 
remember and count with 
infinity, So the corresponding 
language can not be regular!

•Consider 𝐿 = {𝑎𝑛𝑏𝑚}

𝑛 = 𝑚

𝑛 ≠ 𝑚

𝑛 ≤ 𝑚

𝑛,𝑚 > 0







• Consider 𝐿 = 𝑎𝑛𝑏𝑚𝑐𝑛 𝑛,𝑚 > 0}



• Consider 𝐿 = 𝑎𝑖𝑏𝑗𝑐𝑘 … . }

𝑖, 𝑗, 𝑘 > 0

𝑖 + 𝑗 = 𝑘



• Consider 𝐿 = 𝑎2𝑛𝑏2𝑛 𝑛 < 1000}



• Consider 𝐿 = 𝑎𝑖𝑏𝑗𝑐𝑘 𝑖 + 𝑗 < 𝑘 𝑎𝑛𝑑 𝑘 < 10}



• Consider 𝐿 = 𝑎𝑖𝑏𝑗𝑐𝑘 𝑖 + 𝑗 < 𝑘 𝑎𝑛𝑑 𝑘 = 10}



• Consider 𝐿 = 𝑎𝑖𝑏𝑗𝑐𝑘 𝑖 + 𝑗 > 𝑘 𝑎𝑛𝑑 𝑘 = 10}



• Consider 𝐿 = 𝑎𝑖𝑏𝑗𝑐𝑘 𝑖 + 𝑗 < 𝑘 𝑎𝑛𝑑 𝑘 > 10}



• Consider 𝐿 = 𝑎𝑛𝑏𝑚 𝑛 + 𝑚 = 2𝑘 + 1}



• Consider 𝐿 = 𝑊𝑊𝑅 𝑊 ∈ Σ∗}



• Consider 𝐿 = 𝑊𝐶𝑊𝑅 𝑊 ∈ Σ∗}



• Consider 𝐿 = 𝑊𝑊 𝑊 ∈ Σ∗}



• Consider 𝐿 = 𝑈𝑊𝑊𝑅𝑉 𝑈, 𝑉,𝑊 ∈ Σ∗}



• Consider 𝐿 = 𝑈𝑊𝑊𝑅𝑉 𝑈, 𝑉,𝑊 ∈ Σ∗}

• It is regular!, because for each input 
string, we can suppose w = λ

• Let aababaaab

• Let aababaaab



• Consider 𝐿 = 𝑈𝑊𝑊𝑅𝑉 𝑈, 𝑉,𝑊 ∈ Σ+}



• Consider 𝐿 = 𝑈𝑊𝑊𝑅𝑉 𝑈, 𝑉,𝑊 ∈ Σ+}

• It is regular and we just find ‘aa’ or ‘bb’ 
in the input string.



• Consider 𝐿 = 𝑊𝑊𝑅𝑉 𝑉,𝑊 ∈ Σ+}



• 𝐿 = {𝑎𝑖𝑏𝑗𝑐𝑘|𝑖 − 𝑗 < 𝑘, 𝑘 < 10}



• 𝐿 = {𝑎𝑛𝑏𝑖|𝑛 − 𝑖 = 2}



• 𝐿 = 𝑎𝑛𝑏𝑖 |𝑛 − 𝑖| = 2}

• 𝐿 = 𝑎𝑛 𝑛 > 1000 𝑜𝑟 𝑛 𝑖𝑠 𝑝𝑟𝑖𝑚𝑒}



True/False



True/False














