
1. Consider the language L₁ = { x ∈ {a,b}*  |  #a(x) = 2 × #b(x) }.

    (a)  Design a CFG for L₁.





(b)  Convert the CFG of Part (a) to a PDA for L₁.



(c)  Design a PDA for L₁ from the scratch.



2. Design a PDA for the language { x ∈ {a,b}*  |  #b(x) ⩽ #a(x) ⩽ 2 × #b(x) }.



3. Design a PDA for the language

    {a,b,c}* ‒ { aⁿbⁿcⁿ  |  n ⩾ 0 }.



4. Let L be a CFL over some alphabet Γ. Prove that the language

    cyclicshift(L) = { yx  |  xy ∈ L }

is also a CFL.




