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1 Small o-Notation (15 pts)

(a) Put the following functions in the correct order, i.e., put the largest function on the top
line and put equivalent function on the same line.

2n7n2 ’ 1Og(n)7n27 f(n)73n )

n?-\/n n even
Heref(n)—{2n vn n odd

The answer suffices, for example in the form of a matrix or in the form of a diagram:
94
g3 92
g1
(Meaning that g1(n) = o(g2(n)), g1(n) = o(gs(n)), g2(n) = o(ga(n)) and g3(n) = o(ga(n))

and neither g(n) = o(ga(n)) nor gs(n) = o(ga(n)).)

(b) We write f(n) — oo forn — oo if VC': IN: Vn>N: f(n) > C.
Prove the following implication:

g9(n) = O(h(n)) = g(f(n)) = O(h(f(n)))

if f(n) — oo for n — oo.

2 Complexity Classes (20 pts)
Definitions
(a) Give the definition of time constructible function.

(b) Define the complexity classes L and EXP.
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Comparisons

Prove of disprove the below given relations between complexity classes. We write C for set-
theoretic inclusion (including equality) and C for strict inclusion. You may freely use any of
the theorems in the slides or the book. In such a case sufficient information has to be given in
order to understand which theorem is applied.

(c) TIME(n?) ¢ TIME(n").

(d) NSPACE(n?) C SPACE(n?).

3 Turing Machines (15 pts)

Consider the Turing machine (TM) M = (K, X, 4, s) for palindromes

peK oceX o(p, o)
S 0 (qO, >, —>)
5 1 (q1,>,—)
s > (s,>,—)
s L (yes, U, —)
90 0 | (90,0,—)
q0 1 (q0,1,—)
q0 U (Q6’ L, <_)
Q1 0 | (¢1,0,—)
Q1 1| (q1,1,—)
q1 U (q,17 I—lv <_)

peK oceXx d(p, o)
% 0 (g,U, )
Q6 1 (TLO, 17_)
% > | (yes,>,—)
qll 0 (TLO, 17_)
q 1 (q,U, )
q > | (yes,>,—)
q 0 (q,0, )
q 1 (g,1,+)
q > (5,0, —)

(a) Give good upper- and lower-bounds for the time-complexity of the TM M

(b) Prove or disprove that for the language of palindromes PALINDROMES, we have
PALINDROMES € SPACE(logn)
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