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Problem 7 (10 points). Use tables to express the values of each of these Boolean functions. Recall that &
is the XOR operator, | is the NAND operator, and | is the NOR operator.

(a) F(z,y,2)=(zy) | (@2)

(b) F(z,y,2) = (£72) | (zy2)

(¢) Flzy2)=yo(xlztz|2)
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Problem 8 (10 points). Construct a circuit for each Boolean expression.

(a) (z+72)(z+v)

(b) (z+y)+2yz+TY7
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Problem 9 (10 points). Construct phrase-structure grammars G that generate each language.

(a) L(G)={010" | n >0}

(b) L(G) = {101 | n > 0}

Problem 10 (10 points). Find the output generated from the input string 10001 for the finite-state
machines with the state diagrams shown below.
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Problem 11 (10 points). Construct a regular grammar G = (V,T, S, P) that recognizes the language
generated by the following deterministic finite-state machines.
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Problem 12 (10 points). Let T be the Turing machine defined by the five-tuples: (so,0, 51,0, R),
(s0,1,51,0,L), (s0, B, 51,1, R), (s1,0,82,1, R), (s1,1,81,1, R), (s1, B, 82,0, R), and (s2, B, 53,0, R). For each
of these initial tapes, determine the final tape when T halts, assuming that T begins in initial position.
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Problem 1 (10 points). Let X = {1,2,3,4,5,6,7}. Do each of the following groups of subsets form a
partition of X? If yes, use the subsets to construct an equivalence relation R on X. If not, state what
properties fail.

(a) A ={1,3,57}, 4y = {2,4}

(b) Ay ={1,3,5}, Ay = {2,4}, A3 = {6,7}

() Av={1}, A ={3,7}, A3 = {2,4,5}, As = {6}

(@) Ar={1,2,5), 4 = {2,3,4), 4z = {5,6,7}
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Problem 2 (10 points). Define a relation R on R x R by
(a,b)R(c,d) if and only if ~ ad = be
for any (a,b), (¢c,d) € R x R.
(a) Show that R is an equivalence relation.

(b) Describe, in set-builder notation, the equivalence class [(1,1)] under this relation R on R x R.
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Problem 3 (10 points). Let X = {1,2,3,5,6,10,12,15,18,24,30,36}. Define a relation R on Z* by
(z,y) € Rif and only if z | y.

(a) Show that R is a partial order.

(b) Construct a Hasse diagram for the poset (X, |).

(¢) If (X,<) is a poset, then we say that a € X is mazimal if #b € X such that a < band c € X is
minimal if #d € X such that d < ¢. Which elements in X are minimal and maximal under this
relation?
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Problem 4 (10 points). Determine whether the given pair of graphs are isomorphic. Exhibit an
isomorphism or provide a rigorous argument that none exists.
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Problem 5 (10 points). Answer the following questions about the rooted tree portrayed below.

(a) Which vertex is the root?

(b) Which vertices are internal?

(¢) Which vertices are leaves?

(d) Which vertices are children of j?

(e) Which vertex is the parent of h?

(f) Which vertices are siblings of 0?

(g) Which vertices are ancestors of m?

(h) Which vertices are descendants of b?
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Problem 6 (10 points). A maximum spanning tree of a connected weighted undirected graph is a
spanning tree with the largest possible weight.

(a) Construct an algorithm similar to Prim’s algorithm for constructing a maximum spanning tree of a
connected weighted graph.

(b) Use the algorithm in (a) to find the maximum spanning tree in the following weighted graph.









