










6) G = (V, Σ, R, S) with 

 

 V = {S, T, U, V, W} 

 Σ = {a, b, c} 

 Start symbol = S 

 

 R:  S → aT 

  T → aT | U 

  U → VW 

  V → aVb | ε 

  W → cW | ε 

 

The first production guarantees that there is at least one a unmatched by a b. T allows us to have 

any number more a’s without a matched b. U forces us to have a string with two separate 

components, the first component, V, which allows an addition of matched a’s and b’s in the 

appropriate place in the string while the second component, W, allows us to add any number of 

c’s. Intuitively, to derive the string aibjck, we use the production for S, followed by the production 

for T i-j-1 times, followed by using the production for U once, followed by using the production 

for V j times, and then the production for W k times. 

 

This grammar is unambiguous due to its directed nature. Productions such as S and U must occur 

exactly once, while all productions of T must occur in between the productions of S and U. This 

forces a structure for the parse tree of the derivation, since there is only one rule for T that doesn’t 

lead to U. Similarly, due to the fact that both V and W have only one rule that doesn’t “terminate” 

the derivation, both of these create unambiguous portions of the total parse tree, making the entire 

parse tree for any given string, unambiguous. 

 

7) Our PDA will have four states: qstart, qa, qb, and qc with the start state qstart, the alphabet {a,b,c}, 

the stack alphabet of {$,a}, the accept state qc, and the following transition function: 

 

δ(qstart, a, ε) = {(qa, $)}, push a $ on the stack after reading the first a. 

δ(qa, a, ε) = {(qa, a)}, add an a to the stack for each subsequent a. 

δ(qa, ε, ε) = {(qb, ε)}, non-deterministically move to qb to get ready to read in b’s. 

δ(qb, b, a) = {(qb, ε)}, must match each b with an “extra” a on the stack. 

δ(qb, ε, ε) = {(qc, ε)}, non-deterministically move to qc to get ready to read in c’s. 

δ(qc, c, ε) = {(qc, ε)}, only stay in qc with any additional c’s. 

 

 


