Pumping Lemma

How to useit?
(some heuristic rules)

1. Consider the given language, what is the condition yowlshioreak so that the
string wouldn't belong to the language. Can be e.g.

e About numbers of some characters in the string (are depé&ndeqg.
(akbmcm’ CLmem)
e About prime numbers, e.da”?, p some prime)

e About parts of world: the first and later part of the word arpatedent, e.g.

R

(ww™, ww)

2. Think what is the simplest string, which contains the meralof condition.
There can be irrelevant parts like ifib™c™ the number ofs’s doesn’t matter
anything (select e.g™c™).

e Sometimes you need one character to separate the membeansditian,
e.g. ina™b*a™ you should be able to distinguish firgls and latera’s
(select e.ga™ba™).

o If the first part and latter part of the word depend on eachrptie should
distinguish first and later, but otherwise the parts can lyghamg (e.g. in
languagevw (w € {a,b}*) we can select™ba™b or ba™ba™).

3. Select now that mystical such that the first member of condition belongs to
first n characters of the string and can be pumped. The other goahudnot
crucial, but saves work) is to select suchhat number of possible divisions of
z into partsuvw is small.

* e.g.x = a™b™. Selectn = m, when partsv belong toe™ (w may contain
only b's or firsta’s and therb’s) we can pump’s and break the condition.
NB! We can also choose = 2m, which causes more work. Now the
pumped part may contain onlys, only b's on both (of forma®t’). In the
last case 2-time pumping breaks conditioni$’(a’s’ doesn’t belong to the
language).



4. Now testall possible divisions by the rules = wvw, |uv| < njav # €. For
each division test pumping by= 0, 2, 3,.. . until you find such thatuviw ¢ A.
Usually it is enough to try = 0 or i = 2 to get the wanted result.

5. If you managed to break the condition for all divisiomsw, you can shout:
Heureka! Congratulations!

Why we useit in thisway?
PL says:

R(A) = 3nVz P(z) 3 uwvw Q(z,u,v,w) Vi S(z).
Contraposition:

A=B = -B=-A

Also holds:

—JdzP(z) = Vz—P(x)
—VzP(z) = dz—P(z).

We can turn the PL around and still holds

—(3In Vo P(z) Juvw Q(z,u, v, w) Vi S(x,1))
Vn =(Vz P(z) Juvw Q(x, u,v,w) Vi S(z,1))
Vn 3z P(z) ~(Buvw Q(x,u,v,w)) Vi S(z,1))
Vn 3z P(z) Yuvw Q(x, u, v, w) —~(ViS(x,1))
= Vn 3z P(z) Yuvw Q(z,u,v,w) i —(S(z,17))
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So: if for all n there is some: |z| > n, for all vow |uv| < n, |v| > 1 there is some
i > 1 such thatv'w ¢ A, thenA is not regular.



