Example of TM computation

Language (nota CFL!): L = {a"b"c" | n > 1}

“Algorithm” 1dea:

1) Find the leftmost unmarked ‘a’ and mark 1t with X,

2) Move right fund the first unmarked ‘b’, mark with Y,

3) Move right, find the first unmarked ‘c’, mark ut with Z,

4) Return to the left and repeat from 1),

5) If not unmarked ‘a’ remains, accept IFF everything 1s marked.



o0

1) START: head at beginning of tape, state = initial state.

2) Read the first cell.
3) Isitan ‘a’? YES

4) Isitnotan ‘a’ (or a blank)? -> Reject qo -> Qreject

Ifitisan ‘a’: o(gy, a) — (g, , X ,R)
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5q1.b) = @2 ¥ R
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5(q5.b) = (g2 b . R)
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3(q5.0) = (g . ¢ B
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0(q3,_) > (g3, _,L)

- And keep going left until we find an ‘a’
- If we reach the head/start symbol, accept



cefvfefefel o[ ff ]

5(@'3,61) — (Q1 ’ X 9R)

- Repeat the previous procedure until accept (all marked) / reject.
- Skip if read X,Y,Z .
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Complete Table

State

Jo

a1

o P

E

da

(q1leR)

(q1lalR)

(arej,a,R)

(q3laIL)

(arej,a,R)

b

(arej,b,R)

(qZIY: R)

(qZIbIR)

(q3lblL)

(arej,b,R)

(arej,c,R)

(arej,c,R)

(q3erL)

(q3ICIL)

(arej,c,R)

(qOIXIR)

(q1IXIR)

(arej,X,R)

(q3IXIL)

(q4leR)

(qolYl R)

(q1IYIR)

(qzlYl R)

(q3IYI L)

(q4IYI R)

(qOIZIR)

(arej,Z,R)

(qZIZIR)

(q3IZIL)

(q4IZIR)

(q4l IR)

(arej,

(arej,

(qol IR)

(gacc,




Final steps

State a

do (a:,X,R)
a; (a.,a,R)
eP! (arej,a,R)
s (9s,a,L)
da (arej,a,R)

(arej,b,R)

(qZIYt R)

(qZIbIR)

(q3lblL)

(arej,b,R)

(arej,c,R)

(arej,c,R)

(q3lZIL)

(q3ICIL)

(arej,c,R)

X

(thlR)

(arej, X,R)

(q3leL)

(q4IXIR)

Z

F inaleki OpIng
(qolXIR) (qOIYIR) (qOIZIR)

(a4,Y,R) (arej,Z,R)
(02,Y,R) (02,Z,R)
(ds,Y,L) (ds,Z,L)
(d4,Y,R) (d4,Z,R)

(q4l IR)

(arej,

(arej,

(qol IR)

(gacc,




Final steps

State a

o (a4, X,R)
a: (a.,a,R)
eP! (arej,a,R)
ds (ds,a,L)
Qs (arej,a,R)

(arej,b,R)

(qZIYl R)

(qZIbIR)

(q3lbl|—)

(arej,b,R)

(arej,c,R)

(arej,c,R)

(q3IZIL)

(q3lClL)

(arej,c,R)

(quXIR)

(q1IXIR)

(arej, X,R)

(q3IXIL)

(q4leR)

(qOIYI R)

(q1IYlR)

(q2lYt R)

(q3lYl L)

(q4IYI R)

(qolZIR)

(arej,Z,R)

(qZIZIR)

(q3lZlL)

(q4IZIR)




NOTE:

The “power” of the TM comes from:

- Non-local memory access (L/R movement). With a stack you cannot do it.
- Read/WRITE memory (store intermediate results on tape)
- Unbounded, revisitable memory

A Turing machine 1s powerful because 1t can treat its tape as a rewritable
infinite workspace that it can move through arbitrarily many times.



