
CSE531
Assignment4

DueOctober26,2000

A new featureof thisassignmentis the“optional” problem.Theseproblemswill beevaluatedby theTA or professor,

but will not counttowardthegrade.Theseproblemsmight bemorechallengingthantheregularproblems.

1. Usingbrief implementationdescriptionsshow thefollowing. You canusethefact thatnondeterministicmulti-

tapeTuring machinescanbe simulatedby deterministicTuring machines.Assume
���

,
���

and
�

areTuring-

recognizable.

(a)
� ��� � �

is Turing-recognizable.

(b)
���������

is Turing-recognizable.

(c)
� ��	 � �

(theconcatenationof
� �

and
� �

) is Turing-recognizable.

(d)
��
������
����������

is Turing-recognizable.

2. We all know whata context-freegrammaris, but many yearsagopeoplewereinterestedin general grammars

which are more powerful. A generalgrammaris of the form � �������! ��#"$�&%('
where

�
is a finite set of

nonterminals,
 

is thesetof terminals,
"

is a finite subsetof
�$)+*,��� �  -'.)

, and
%/�0�

is thestartsymbol.

A derivationstepin a generalgrammaris essentiallythesameasin a context-freegrammar. If 132 � is a string

and 2 *54
is in

"
then 162 �87 1 49� . The language

�:� � ' is thesetof all terminalstringsthatcanbederived

from
%

in somenumberof steps.

(a) Provethatfor any generalgrammar� ,
�:� � ' is Turing-recognizable.

(b) Prove that for any Turing-recognizablelanguage
�

thereis a generalgrammar� suchthat
�:� � '$�;�

.

(Hint: If < �=�?>@�! ��BA��#CD�BEGFD�BEGH��#E 
 ' is a Turing machinethenwe want to constructa generalgrammar

�JI with the propertythat
�:� < 'K�L�:� �JI ' . One idea is to usethe resultabove that if

�
is Turing-

recognizablethenso is
��


. We candefinea grammar � I which which hasterminal alphabet
 

and

nonterminalalphabet
 �M � �NAPOQ -' � > � DRK�

where
 �MS�T�UVM��9UW�X :�

. If
�T�Y -)

thendefine
�:M

by

priming all thesymbolsin
�

. For example,
��UVZ[UVZG'\M]��UVM^Z&M_UVM_Z&M

. Fromthestartsymbolof � I a stringof

the form
��
(R`�:M3a�)�R

canbe generated.The grammarcanthensimulate < on the stringbetweenthe

two
R

’s. Oncean acceptingstateis reachedthe grammarcantheneraseeverythingto the right of and

including the first
R

. The challengeis to definethe rulesof the grammarto do all of this. Oncethis is

doneit will bethecasethat �JI generates
� 


.)

3. (optional)Prove that for all languagesb , bdc�egf�he I . Recall fihe I �jlk < �.�imn� < is an oracleTuring

machinethataccepts
�

whengiventheoracle b � .
4. (optional)ProvethatInfinitee Ipo e Decidere I whereInfinitee I �plk < m�� < acceptsinfinitely many inputs

�
andDecidere I ��lk < m�� < haltson all inputs

�
.
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