Pushdown Automata — H.J. Hoogeboom III

Determinism



IIT 1 non-determinism
0 Z/7A P = {ww? | w e {a,b}* } guessing the middle
@ b}\ZJ%?;J\B (Taabbaa, Z) b (aabbaa, ) t
a,
b B; N (Tabbaa, ZA) F (abbaa, A) F (bbaa, \) t
Z — aZA (bbaa, ZAA) + (bbaa, AA) ¥/
e T
A q (baa, ZBAA) + (baa, BAA) I (aa, AA) - (a, A) + (), A) ok.
B—b T

(aa, ZBBAA) + (aa, BBAA) t/

-

(0. ZABBAA) & (a0, ABBAA) - (\, BBAA) V/
-

(\, ZAABBAA) - (\, ABBAA) t/

also { a™" |neNYU{a™c" |4,ne N}



IIT 2

definition

FSA DFSA = RLIN
PDn = PD¢ = CF
DPDn C DPD¢ C CF

determinism means ‘no choice’ ...

. where to start  (ok)
. between two actions
with same tape & stack symbols
. between letter or A
not allowed

a; Afay a;, A/

a; Alao A Alao
(p,a,A,q1,01) (p,a,A,q1,01 )
(p,a, A, g2, 0) (p, N\, A, g0, 00)

final state DPD/¢ deterministic CF languages
empty stack DPDn



IITI 3 example determinism




IIT 4 example

{a™b" |m>n}

{aba™ | m,n € N }



IIT 5 determinism & prefixes

language L x€e L, xy € L

* nondeterminism

a™ b " different behaviour on b's

* determinism

computation on zy and on x must coincide!

apply this to:
haspref(L) ={xy|x € Lyxy € L,y = X }



III 6 deterministic PD Languages

PD¢ C PDn PDn C PD/
what about determinism?

X f~e Vv e~ f
N\ A/ )\'DZD Q)\\E/)\
s () |
DEmT @ LTS
) \ )
DPDn C DPD¥¢
‘ blocking on empty stack:

Yy
esrpapct@/ O DPDn languages are prefix-free
x,xy e L = y= A
REG & DPDn  a*, {\,a}
REG C DPD/



III 7 a strange operation

haspref(L) ={xy|x € Ly,xy € L,y # X\ }

Lo={ad"%"|n>1}uU{ad""* " | m,n>1}
haspref(Lg) = { a"™b™c" |m>n>1} ¢ CF
% CF = PD/ is not closed under haspref

x DPD/ is closed under haspref
[proof follows]

conseguences

x DPD¢ C PDY¢ = CF Lo € CF — DPD/
DPD/ is not closed under union

x also { ww’ | w € {a,b}* } ¢ DPD/

ke



s closure of DPD/

haspref(L) ={xy|x € L,xy € L,y # X\ }

L Y
4 OO OO

\ J R ,

i 2 wait 3

v Y
A/ é—>Q___'_>©CL—>@

> intuition A'S
suppress
> construction ( 0 T 5/< — W;en
I = p’CL’A’q’a p’]'?a?A? Q717a q F
? __ng% {11>,2,3} ((p,1),a,A,(q,2),a) g€ F
m mo

F' = F x {3} ((p.2). M A (0.2),a) a=
((p,2),a,4,(q,3),) aF A

(<p,3>,CL,A,<q73>,a)



IIT 9

example haspref construction

Q' =Qx{1,2,3}
qgn — <qm71>
F'=F x {3}

(p,a,A,q,a) €9
o’ contains

when

((
(
((
(
(

q¢ F
q€e F

a =

a #= A

a;, B/BA
b; B/

@.

a; B/BA
b; B/

a;, B/BA
b; B/

b; Z/BZ

A AN

77z (r1)

A A/

A A/

N, Z]2
b: Z/BZ

A A/

‘@ A,

b: Z/BZ



III 10

e «~ f relations

(p,w,a) F* (g, A\, A)
iff

(p7wz7a) |_* (Q7Z7A)

L € DPDn = L € DPD/
&

L € DPDn & L € DPD/ and prefix-free

/ --._.Oomit \
i O A A/A

/Z] X
D
@ 9
endmarker: new letter #
L+# € DPDn <= L € DPD¢

4 N
N O/20 AL ASA
@ @ 4/
2HN y, 8

... only if final states have no outgoing A !!



I 11 strict deterministic grammars

CFG characterization for DPDn
Harrison-Havel 1973

X —aw

_ CFG G = (N,T,S, P) strict deterministic iff

X' = o w equivalence relation = on NUT

— T is a class for =

then

X — « — for all X, X' € N, a,w,w’ € (NUT)*

— if X=X X —aw, X' — auw

X' = o then w=w =Xand X = X/’

or w=Ywv, w =YW forsomeY =Y’

of Y,Y' e (NUT)

X —aY v
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