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as CookUnre
ognizable Pra
ti
e Soltions2011 July1. By 
ontradi
tion, assume that L1 is re
ognized by TM M1. Let M2 be a TM thatde
ides L2. L = L1 \ L2 = L1 ∩ L2 is re
ognizable as follows: on any input w, run M1on w. If it reje
ts, reje
t w, sin
e w 6∈ L1 implies w 6∈ L. If it a

epts, run M2 on w.If M2 a

epts, reje
t w.
ML: on input wrun M1 on wif a

epts // w ∈ L1run M2 on wif a

epts, reje
t w // w ∈ L1 ∩ L2 ⇒ w 6∈ Lelse a

ept w // w ∈ L1 ∩ L2 ⇒ w ∈ Lelse reje
t w //w 6∈ L1 ⇒ w 6∈ L

M2 is a de
ider, so it will halt in �nite time. If M1 does not halt on w, then w 6∈ L1and w 6∈ L. Otherwise, the 
ases are 
omputed as indi
ated in the 
omments above.Thus L is re
ognizable, whi
h is a 
ontradi
tion.2. We provide a redu
tion for ea
h problem.(a) We will show ETM ≤m L1. Assume that there is a TM M1 that re
ognizes L1.Then the following TM re
ognizes ETM :
METM : on input 〈M〉
onstru
t a TM N :

N : on input xMove R on
e. Mark this 
ell.From now on until STOP, every R move is performed as two R moves,and every left move is two L movesTreat the marked 
ell as a new leftmost 
ell (i.e. L moves at marked 
ell will Stay).dovetail (M, w0), (M, w1), (M, w2), ...where the sequen
e w0, w1, w2, ... is all strings in lexi
ographi
 order.if any a

ept, STOP doubling moves. Move R on
e and write a blank.a

ept xrun M1 on 〈N〉a

ept a

ordingly 1



Note that the �rst three lines of N guarantee that it only writes to even numberedpositions of the tape until the a

ept 
ase of the dovetail. Also note that Nbehaves the same no matter what input it is given (`MIDTERM2' or otherwise).If L(M) = ∅, then N will never �nd a string that M a

epts, and nothing will bewritten to an odd position on N 's tape. If L(M) 6= ∅, then N will �nd a stringthat M a

epts, and something will written to an odd position of N 's tape. Thus
M1 a

epts 〈N〉 exa
tly when L(M) = ∅.(b) We will show ETM ≤m LPal. Assume that there is a TMMP that re
ognizes LPal.Then the following TM re
ognizes ETM :
METM : on input 〈M〉
onstru
t a TM N :

N : on input xdovetail (M, w0), (M, w1), (M, w2), ...where the sequen
e w0, w1, w2, ... is all strings in lexi
ographi
 orderif any a

ept, a

ept xrun MP on 〈N〉a

ept a

ordinglyIf L(M) = ∅, then L(N) = ∅ and 〈N〉 ∈ LPal sin
e it does not a

ept anypalindromes. If L(M) 6= ∅, then L(N) = Σ∗ and 〈N〉 6∈ LPal sin
e it a

eptsevery palindrome. Thus MP a

epts 〈N〉 exa
tly when L(M) = ∅.(
) We will show ATM ≤m LALL. Assume that there is a TM MA that re
ognizes
LALL. Then the following TM re
ognizes ATM :

MCATM : on input 〈M, w〉
onstru
t a TM N :
N : on input xrun M on input w for |x| stepsif M a

epts, reje
t xif M reje
ts, a

ept xif M does neither within |x| steps, a

ept xrun MA on 〈N〉a

ept a

ordinglyIf M reje
ts or loops on w, L(N) = Σ∗ be
ause N will a

ept whenever thesimulation reje
ts or outputs nothing in the time limit. If M a

epts w, L(N) 6=

Σ∗ be
ause N will reje
t every string of length greater than or equal to the timeof a

eptan
e in M . Thus 〈N〉 ∈ LALL exa
tly when 〈M, w〉 ∈ ATM .(d) We will show ETM ≤m LALL. Assume that there is a TM MCA that re
ognizes
LALL. Then the following TM re
ognizes ETM :
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METM : on input 〈M〉
onstru
t a TM N :
N : on input xdovetail (M, w0), (M, w1), (M, w2), ...where the sequen
e w0, w1, w2, ... is all strings in lexi
ographi
 orderif any a

ept, a

ept xrun MCA on 〈N〉a

ept a

ordinglyIf L(M) = ∅, then L(N) = ∅ and 〈N〉 ∈ LALL sin
e it does not a

ept all strings.If L(M) 6= ∅, then L(N) = Σ∗ and 〈N〉 6∈ LALL sin
e it a

epts all strings. Thus

MCA a

epts 〈N〉 exa
tly when L(M) = ∅.
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