CSE105 - HOMEWORK 1 SOLUTIONS
prepared by Lawrence Cayton
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Odd natural numbers

Even integers

Even natural numbers

Even natural numbers that are multiples of 3
Symmetric binary numbers

The empty set

{1,10, 100}

{z € Z|x > 5}

{z e Nz < 5}

{aba}

{e}

0

No: A¢ B

.Yes: BC A

. AUB ={x,y,z}

. ANB={z,y}

- Ax B ={(z,2),(z,9),(y.2), (y,9), (z,7), (z,9)}
P(B) ={0.{=} . {v}, {z, y}}

0.4 Each element of A is paired with each element of B, so |4 x B| = ab.

0.5 There are 2¢ elements in the powerset of C'. Suppose we label each element of C with a 1 or 0 and
form the subset of elements of C' that we labelled with a 1. Then, we can describe each element of the
powerset — any subset of C' — this way, so the size of the powerset is the number of 0-1 labellings of
the elements of C.
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7
range(f) = {6, 7}, domain(f) = {1,2,3,4,5}
6

- 94, f(4) =9(4,7) =8

0.7 Each of the following relations is defined over A = {a,b,c}

a

b

C

. {(a,a), (b,b), (c,c), (a,b), (b,a), (b, c), (c,b)}; since (a, c) is not in the set, the relation is not transi-

tive.

- {(a,a), (0,0), (¢, ¢), (a,0), (b, ¢), (a,¢)}
. 0.

0.8 deg(1) = 3; deg(3) =2

range(g) = {6,7,8,9,10}, domain(g) = {(z,y) e N x N1 <z <5, 6 <y <10}
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G = (V,E), where V ={1,2,3,4,5,6} and

E = {1,2,3} x {4,5,6}
{(1,1),(1,2),(1,3),(2,1),(2,2),(2,3),(3,1),(3,2),(3,3)}

(a —b) = 01if @ = b, so there is a division by zero.

The proof breaks down at k = 2: H; and H, will be disjoint, so the induction hypothesis tells us only
that each horse is the same color as itself. We cannot jump to the conclusion that the two horses are
the same color.

Suppose towards contradiction that there is a graph G with n nodes (n > 2), all of which have different
degree. The degree of any node must be at least 0 and at most n—1, so there are only n possible degrees
that a node can be. Since there are n different nodes, we conclude that for each integer i in the range
[0,n — 1], there is a node of degree i. In particular, there is a node of degree n — 1, meaning it is
connected to all other nodes, and a node of degree 0, which is connected to no other nodes. However,
the existence of each of these two nodes contradicts the existence of the other. Thus, all graphs of
degree n must contain at least two nodes of the same degree.

a. My: qu; Ma: u

b. Mi: {q2}; Ma: {q1,q4}

Mi:q1, 92,93, q1,91; M2t 1,41, ¢1, 92,44
M;i: no; Ms: yes
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e. Mi: no; Ms: yes
answer in text
see other sheet
see other sheet
see other sheet
see other sheet
see other sheet
see other sheet
see other sheet

see other sheet. By the hint, we can read from right to left, so the given FSA actually processes the
string from right to left (the reverse order). In the drawing, we wrote the transitions as [z, y], which

corresponds to [‘Z } in the text’s notation. For example, [0, 1] means [(1)]

Recall that multiplying a binary number z by 3 is equivalent to bit-shifting « to the left, yielding z0,
and adding x0 to 2. We use the FSA to carry out this addition bit-by-bit. Let the top string of the
input be ¢;t5t3 - - - t,, and the bottom be b1b2b3 - - - by,. Let ¢; be the carry from adding ¢; + ¢;41 Then, on

reading a [Z } , we need to check if ¢; + t;41 + ¢;+1 = b;. We read t; and b; from the input, and use the
states to remember (¢;41t;+1).

Here is what the states represent:



state | (ciy1,tit1)
q0 (07 O)
q1 (07 1)
q2 (17 1)
qs (07 O)
qa (17 O)

Note that (0, 0) is duplicated. This is done so that we don’t accept the empty string. Note also that we
are really only interested in ¢;1+1 + ¢;4+1, so states ¢; and ¢4 can be combined into one.

1.36 (Q,%,0,qo, A), where

Q={q0<i<n—-1}

Y ={a}
5(qi7 &) = 4(i+1) mod n
A ={qo}



