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1. It canbeinstructive to convertan“implementationdescription”of a Turing machineto a “formal description”.

Thisexercisegivesyouconfidencethatimplementationdescriptionsareadequatefor describingTuringmachine

algorithms.In thisproblemyouwill convertaTuringmachinewith a two-way infinite tapeto aTuringmachine

with a one-wayinfinite tapeusinga differentconstructionthanwasgivenin class.
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be a Turing machinethat hasa two-way infinite tape. Formally construct

a Turing machine
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suchthat
���

hasa one-way infinite tapeand follows the

implementationdescriptionbelow.

Implementation description of
���

:
���

beginsby insertinga new symbol# at the left endof thetape,shifting

the input string onecell to the right andresettingthe headto the first symbolof the input. This new format

prevents
���

from ever runningoff the left endof thetape.
���

now beginssimulating
�

, but should
���

ever

read# thenthatindicatesthat
�

hasmovedleft on its two-way tapeto acell thathasneverbeenvisitedbefore.

In orderto accommodatethis
���

mustcreatea blankcell just to theright of #, shift theentirecontentsof the

tapeonecell to theright, thenreturntheheadto theblankcell just to theright of # to continuethesimulation.

Construct
� �

in full detail, specifyingits states,tapealphabet,transitionfunction,startstate,acceptingstate,

andrejectingstate.

2. Let !�" � !$# ��%&%&% bethestringsin
�('

in enumerationorder. For exampleif
�)�+*$,-�&.0/

thenenumerationorderis*�12��,-�&.0��,0,-��,3.4�&.$,3�&.4.5��,4,5,3��,5,3.0�&%&%�% /
, thatis, stringsof length 6�7 .

areenumeratedafterstringsof length 6 and

stringsof thesamelengthareenumeratedin lexicographical(alphabetical)order.

(a) Let 8 be the languageenumeratedby a Turing enumerator9 . Suppose9 enumerates8 in enumeration

order, thatis, if !$: is enumeratedby 9 before !<; then =
>@? . Arguethat 8 is Turing-decidable.

(b) Supposethat 8 is aninfinite Turing-recognizablelanguage.Prove that 8 hasaninfinite Turing-decidable

subset.(Hint: usepart(a).)

1


