CSE531
Assignmentd
DueOctober26, 2000

A new featureof this assignmenis the“optional” problem.Theseproblemswill beevaluatedoy the TA or professoy
but will not counttowardthe grade.Theseproblemsmightbe morechallengingthantheregularproblems.

1. Usingbrief implementatiordescriptionshow the following. You canusethe factthatnondeterministienulti-
tapeTuring machinescanbe simulatedby deterministicTuring machines.AssumeL;, L, and L are Turing-
recognizable.

(&) L1 U Lo is Turing-recognizable.
(b) Ly N Ly is Turing-recognizable.
(c) L, - L (theconcatenatioof L; andL,) is Turing-recognizable.

(d) LE = {w® : w € L} is Turing-recognizable.

2. We all know whata contet-free grammairis, but mary yearsagopeoplewereinterestedn general grammars
which are more powerful. A generalgrammaris of the form G = (V,X, R, S) whereV is a finite setof
nonterminalsy. is the setof terminals,R is afinite subsebf V* — (V U X)*, andS € V is thestartsymbol.
A derivationstepin a generalgrammairis essentialljthe sameasin a contet-freegrammar If wvw is a string
andv — z isin R thenuvw = uzw. Thelanguagel (G) is the setof all terminalstringsthatcanbe derived
from S in somenumberof steps.

(a) Provethatfor ary generagrammarG, L(G) is Turing-recognizable.

(b) Prove thatfor ary Turing-recognizabléanguageL thereis a generalgrammarG suchthat L(G) = L.
(Hint: If M = (Q,%,T,6,4q0,q4,qr) is a Turing machinethenwe wantto constructa generalgrammar
G with the propertythat L(M) = L(Gyr). Oneideais to usethe resultabove thatif L is Turing-
recognizableghensois L. We candefinea grammarG,; which which hasterminal alphabet: and
nonterminalalphabe®’ U (I' — X£) U Q U {#} whereX’ = {a' : a € T}. If w € T* thendefinew' by
priming all the symbolsin w. For example,(abab)’ = a'b’'a’b’. Fromthe startsymbolof G, a string of
the form wf#w' L* # canbe generated The grammarcanthensimulateM on the string betweerthe
two #’s. Oncean acceptingstateis reachedhe grammarcanthen eraseeverythingto the right of and
including thefirst #. The challengeis to definethe rulesof the grammarto do all of this. Oncethis is
doneit will bethecasethatG s generated. ?.)

3. (optional) Prove that for all languagesB, B <r A%,,. Recall AZ,, = {(M,w) : M is an oracleTuring
machinethatacceptaw whengiventheoracleB}.

4. (optional)Provethatinfiniters = Decidetrr wherelnfinitery, = {(M) : M acceptsnfinitely mary inputs}
andDecidefrys = {(M) : M haltsonall inputs}.



