
CSE 555 FINAL EXAMINATION

TAKE-HOME: OUT 04/28/20 10:30 A.M., DUE 05/05/20 11:40 A.M.

The completed test is to be submitted electronically to colbourn@asu.edu before the
deadline. Please type your solutions.

Answer all questions.
This is an individual effort. Limit your discussions with fellow students to under-

standing the questions and general ideas. Under no circumstances should solutions or written
work be shared. Under no circumstances should material or results other than those from
the textbook or class be used. Violations of these expectations will result in failure in the
course, at the very least.

Part of the exercise of doing the questions is understanding the questions. Read each
carefully so as not to waste time.

1. Question 1.

Let G = (V,E) be a directed graph. For two vertices x, y ∈ V , the distance from x to y,
dist(x, y), is the length of a shortest directed path starting at x and ending at y. (Recall that
paths cannot repeat vertices or edges, and take dist(x, y) = ∞ if there is no x, y-directed
path.) The diameter of G, diam(G), is maxx,y∈V dist(x, y). A spanning subdigraph of G is
a directed graph H = (W,F ) with V = W and E ⊇ F .

(a) Show that Fat = {〈G, k〉 : G has a spanning subdigraph H with diam(H) ≤ k} is
NL-complete.

(b) Show that Obese = {〈G〉 : G has a spanning subdigraph H with diam(H) ≤ 2} is
in L = SPACE(log n).

2. Question 2.

Let G = (V,E) be an undirected graph. For two vertices x, y ∈ V , the distance from x
to y, dist(x, y), is the length of a shortest path starting at x and ending at y. (Recall that
paths cannot repeat vertices or edges.) The diameter of G, diam(G), is maxx,y∈V dist(x, y).

(a) Show that Thin = {〈G, k〉 : G has a spanning connected subgraph H with diam(H) ≥
k} is NP-complete.

(b) Show that when G is an n-vertex graph, we can decide whether G has a spanning
connected subgraph H with diam(H) ≥ k in time nO(k). Explain why this does not
contradict your conclusion about the NP-completeness.

3. Question 3.

We consider the languages decided by oracle Turing machines.

(a) Is there a single oracle O so that every recognizable language is decidable relative to
O? Answer yes or no, and explain carefully.
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(b) Is there a single oracle P so that every co-recognizable language is decidable relative
to P? Answer yes or no, and explain carefully.

(c) Is there a single oracle Q so that every language is decidable relative to Q? Answer
yes or no, and explain carefully.

4. Question 4.

(a) Using the pattern that we have seen for defining NL-, NP-, and PSPACE-completeness,
carefully define EXPTIME-completeness.

(b) Show that ATM,lim = {〈M,w, k〉 : M is a TM that accepts w within at most k steps}
is EXPTIME-complete. (Note that k is input in binary.)

5. Question 5.

Let’s play a game, Friendship. There is a graph G in which the vertices have been
partitioned into 4` disjoint sets, (Xi, Yi : 1 ≤ i ≤ 2`). Two players, Constructo and Disrupto,
alternate taking turns; Constructo starts. At turn i for 1 ≤ i ≤ `, Constructo deletes either
all vertices in X2i−1 or all vertices in Y2i−1. Then Disrupto deletes either all vertices in X2i or
all vertices in Y2i. Constructo wins at the end if there remains a clique of size 2`; otherwise
Disrupto wins. Show that Friendship = {〈G, (Xi, Yi : 1 ≤ i ≤ 2`)〉 : Constructo wins} is
PSPACE-complete.

6. Question 6.

(a) Suppose that A is a regular language. Must A? ∈ SPACE(log n)? Explain.
(b) Suppose that B ∈ SPACE(log n). Must B be context-free? Explain.
(c) After receiving questions about at least three different, sensible interpretations of the

original question, I have decided to replace it by a more explicit question. Sorry for
the confusion! A regular extension of a language C is defined as follows:
(1) C is a regular extension of C;
(2) whenever R1 and R2 are regular extensions of C, so are (R1 ∪ R2), (R1R2) and

(R?
1);

(3) any language that is not obtained by a finite number of applications of the first
two rules is not a regular extension of C.

Suppose that C ∈ SPACE(log n). Must every regular extension of C be in NL?
Explain. If you already solved the problem using a different interpretation of the
original question, clearly state how you read and interpreted the question, and give
the solution for your variant. There is no need to do the question again!

7. Question 7.

Let MINORNFA = {〈M〉 : M is an NFA with L(M) ⊆ {0, 1}? for which L(M) contains
fewer than half the strings in {0, 1}n for every n ≥ 0}. Show that MINORNFA is NP-hard.
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