
Homework assignment #3 
 
Page 144, Prob# 3. 
 
L = {anbn+1: n>= 2} 
 
w = aa(ab)*bbb 
 
So we can find the s-grammar as follows: 
 
S → aA1 
A1→ aA2 
A2 → aA2B1 | bB2 
B1 → b 
B2 → bB3 
B3 → b 
 
 



Page145, Prob# 8: 
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Page 145, Prob#15. The string  w = abab has two derivations as shown 
below. So the grammar is ambiguous.  
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Derivation 1: 

Derivation 2: 



Page 145, #16. 
 
Given Grammar with productions: 
 
S → aAB, 
A → bBb, 
B → A|λ 
This grammar is actually ambiguous: 
S->aAB->abBbB->abbB->abbbBb->abbbb 

 S->aAB->abBbB->abbBbbB->abbbbB->abbbb 

  
 

 
 
 



 
Page 169, Prob# 4. 
 
 Given   S→ abAB 
                    A→bAB|λ 
                    B→BAa|A|λ 
  
Step 1 : 
 
New start variable to get: 
 
S0 →S, S→abAB, A→bAB|λ,  B→BAa|A|λ 
 
Step 2: 
 
1. Remove  B→λ 

S0 →S  
S→abA|abAB   
A→bA|bAB|λ 

      B→Aa |BAa |A 
 
2.  Remove  A→λ 

S0 →S 
S→ab|abA|abB|abAB 
A→b|bA|bB|bAB 

      B→a|Aa|Ba|BAa|A 
 
Step 3: 
   
 Remove unit production 

1. Remove  B→A 
S0 →S 
S→ab|abA|abB|abAB 
A→b|bA|bB|bAB 
B→ a|Aa|Ba|BAa|b|bA|bB|bAB 
 

2.  Remove  S0 →S 
S0→ ab|abA|abB|abAB 



S→ab|abA|abB|abAB 
A→b|bA|bB|bAB 
B→ a|Aa|Ba|BAa|b|bA|bB|bAB 

 
Step 4: Split –up rule with |RHS| > 2 
 
S0 →ab|aC1|aC2|aC3 , C1→bA,  C2→bB, C3→bC4, C4→AB 
   
S →ab|aD1|aD2|aD3 , D1→bA,  D2→bB, D3→bD4, D4→AB 
 
A→b|bA|bB|bE, E→AB 
 
B→ a|Aa|Ba|BF1|b|bA|bB|bF2, F1→aA, F2→AB 
 
 
Step 5 : Put in correct format to obtain Chomsky normal form 
 
S0 →A1B1|A2C1|A3C2|A4C3 , C1→B2A,  C2→B3B, C3→B4C4, C4→AB 
 A1→a, B1→b, A2→a, A3→a, A4→a, B2→b, B3→b, B4→b 
  
S →A5B5|A6D1|A7D2|A8D3 , D1→B6A,  D2→B7B, D3→B8D4, D4→AB 
 A5→a, B5→b, A6→a, A7→a, A8→a, B6→b, B7→b, B8→b 
  
A→b|B9A|B10B|B11E, E→AB, B9→b, B10→b, B11→b 
 
B→ a|AA9|BA10|BF1|b|B12A|B13B|B14F2, F1→A11A, F2→AB 
 A9→a, A10→a, B12→b, B13→b, B14→b, A11→a 
 
 
 
 
 
 
 
 
 
 
 
 



Page 170 #  Prob# 13. 
 
Given   the grammar 

S →ABb|a 
A →aaA|B 
B → bAb 

Step 1: 
Introduce new variable C with rule C→ b and use it where ‘b’ is not at 1st 
position. We get 
  
S → ABC|a 
C → b 
A → aaA|B 
B →bAC 
 
Step 2: 
Introduce new variable D with rule D→ a  and use it where ‘a’ is not at 1st 
position. We get 
 
S  → ABC|a 
C → b 
A → aDA| bAC 
D →a 
B → bAC 
 
Step 3: 
Use A → aDA| bAC in S  → ABC  to obtain 
 
S → aDABC|bACBC|a 
A → aDA| bAC 
C → b 
D → a 
B → bAC 
 
The grammar is now in Greibach form. 
 
 
 



Page 172 Prob#1. 
 
Given, language L with grammar G, where 
G:  S→AB 

A→BB|a 
B → AB|b 

 
Part1:  

w = aabb 
Step1: 
 
V11 = {A : A→ a}  =  {A} 
V22  = {A : A→ a}  =  {A} 
V33 = {A : A→ b}  =  {B} 
V44 = {A : A→ b}  =  {B} 
 
Step 2: 
V12 = {A: A→BC, B∈V11 , C∈V22} = Φ  
V23 = { A : A→BC, B∈V22 ,  C∈V33} = {S,B} 
V34 = { A: A→BC, B∈V33 , C∈V44} = {A} 
 
Step 3: 
V13 = { A: A→BC, B∈V11 , C∈V23} 
          U{ A: A→BC, B∈V12 , C∈V33}  = {S, B} 
V24 = { A: A→BC, B∈V22 , C∈V34} 
          U{ A: A→BC, B∈V23 , C∈V44} ={A} 
 
Step 4: 
V14 = { A: A→BC, B∈V11 , C∈V24} 
          U { A: A→BC, B∈V12 , C∈V34} 
           U{ A: A→BC, B∈V13 , C∈V44} = {A} 
 
Since V14 does not have S, therefore, w ∉ L(G) 
 



Page #172, prob#1, part2. 
 
w = aabba 
 
Step1. 
 
V11 = {A} 
V22 = {A} 
V33 = {B} 
V44 = {B} 
V55 = {A} 
 
 
Step 2: 
 
V12 = {A: A→BC, B∈ V11 , C∈V22} = Φ  
V23 = { A : A→BC, B∈V22 ,  C∈V33} = {S,B} 
V34 = { A: A→BC, B∈V33 , C∈V44} = {A} 
V45 =  { A: A→BC, B∈V44 , C∈V55} = Φ  
 
Step 3: 
 
V13 = { A: A→BC, B∈V11 , C∈V23}  

U { A: A→BC, B∈V12 , ∈V33}  
= {S, B} 

 
V24 = { A: A→BC, B∈V22 , C∈V34} 
          U { A: A→BC, B∈V23 , C∈V44} 
         = {A} 
 
V35 = { A: A→BC, B∈V33 , C∈V45} 
          U { A: A→BC, B∈V34 , C∈V55} 
         = Φ  
 
Step 4: 
 
V14 = { A: A→BC, B∈V11 , C∈V24}  

U { A: A→BC, B∈V12 , C∈V34}  
U { A: A→BC, B∈V13 , C∈V44} 



=  {A} 
 
V25 = { A: A→BC, B∈V22 , C∈V35}  

U { A: A→BC, B∈V23 , C∈V45}  
U { A: A→BC, B∈V24 , C∈V55} 
=  Φ  

 
Step 5: 
 
V15 = { A: A→BC, B∈V11 , C∈V25}  

U { A: A→BC, B∈V12 , C∈V35}  
U { A: A→BC, B∈V13 , C∈V45} 
U { A: A→BC, B∈V14 , C∈V55} 
=  Φ  
 
Since V15 does not have S, therefore, w ∉ L(G) 
 



Page #172, prob#1, part3. 
 
w = abbbb 
 
Step1. 
 
V11 = {A} 
V22 = {B} 
V33 = {B} 
V44 = {B} 
V55 = {B} 
 
 
Step 2: 
 
V12 = {A: A→BC, B∈ V11 , C∈V22} = {S,B} 
V23 = { A : A→BC, B∈V22 ,  C∈V33} = {A} 
V34 = { A: A→BC, B∈V33 , C∈V44} = {A} 
V45 =  { A: A→BC, B∈V44 , C∈V55} = {A} 
 
Step 3: 
 
V13 = { A: A→BC, B∈V11 , C∈V23}  

U { A: A→BC, B∈V12 , ∈V33}  
= {A} 

 
V24 = { A: A→BC, B∈V22 , C∈V34} 
          U { A: A→BC, B∈V23 , C∈V44} 
         = {S,B} 
 
V35 = { A: A→BC, B∈V33 , C∈V45} 
          U { A: A→BC, B∈V34 , C∈V55} 
         = {S,B} 
 
Step 4: 
 
V14 = { A: A→BC, B∈V11 , C∈V24}  

U { A: A→BC, B∈V12 , C∈V34}  
U { A: A→BC, B∈V13 , C∈V44} 



=  {S,B} 
 
V25 = { A: A→BC, B∈V22 , C∈V35}  

U { A: A→BC, B∈V23 , C∈V45}  
U { A: A→BC, B∈V24 , C∈V55} 
= {A} 

 
Step 5: 
 
V15 = { A: A→BC, B∈V11 , C∈V25}  

U { A: A→BC, B∈V12 , C∈V35}  
U { A: A→BC, B∈V13 , C∈V45} 
U { A: A→BC, B∈V14 , C∈V55} 
= {A} 
 
Since V15 does not have S,  therefore, w ∉ L(G) 



JFLAP Pumping Lemma Screen Shots: 
 
 
 
 
 
 

















 


