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All solutionsshouldbe neatly written or type set. All major stepsin proofs and algorithmsmust be
justified.

1. (10 points) This problemis designecdto give you practicein coding Turing machines. Use a state
diagramto definea Turing machinethatdecideghelanguage

L = {w € {0,1}* : w hasanequalnumberof 0’'sand1’s}.

Useanexampleto demonstratéow your machineoperates.

2. (10points)Thisis anotheproblemdesignedo give you practicein codingTuring machinesDefinex
is asubstringof y if therearestringsu andv suchthaty = uxv. Notethatthe emptystringis always
asubstringof ary stringandthata stringis alway a substringof itself. Usea statediagramto definea
Turing machinethatdecideghelanguage

L = {#a+#y : z,y € {0,1}" andz is asubstringof y}.
Thealphabebdf L is {0, 1, #}. Useanexampleto demonstratéiow your machineoperates.

3. (10points)An alternatie definitionof thestoragdor a Turing machineis atwo-way infinite tape. That
is, thetapedoesnot have abeginningor anend.For suchamachinewe assumehattheinputis written
someplaceon the tape,with blanksto theleft andto theright. The headstartson the first symbol of
theinput. Givena Turing machineM = (Q, X%, T, 6, qo, ¢4, ¢-) With atwo-way infinite tape,designa
Turing machineM'’ with aone-way infinite tapesuchthat L(M') = L(M).



