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MAT 243. HW 5: additional problems

Problem A1-A4 worth 10 points each; A5-A8 20 points each.

A1. Add binary numbers (110101)2 +(1010100)2 by hand. Show carries in your calcu-
lation.

A2. Convert (20110)3 to decimal notation.

A3. What is the base-3 expansion of (9)10 · (20110)3? There is a very fast way to com-
pute it.

A4. Let sequence {an} defined recursively by

a0 = 1, a1 = 2, an+1 = an +2an−1 for n≥ 1.

First, find a2,a3,a4,a5 by hand; then show inductively that

an = 2n.

A5. Define recursively the set of all decimal integers that start with 2 or 3. Here, think
of 0,1,2, ...,9 as the alphabet; and think of a decimal integer as a string over this
alphabet.

A6. Trace Algorithm 6 of Section 4.4 for finding the position of x = 7 in the following
sequence which is already in increasing order,

a1 = 2,a2 = 4,a3 = 5,a4 = 7,a5 = 9,a6 = 10,a7 = 12,a8 = 14.

A7. Device a recursive algorithm that finds the number of “are” appearing in a sen-
tence. For example, your algorithm should find 2 “are” in the sentence “ These are
apparently bars.” and find 1 “are” in “I don’t caaaaaaare”.

A8. A big bug is chasing a small bug in an infinitely long line. They both hop. The big
one can only hop 2,3 or 4 inches to the left or right. The small one can only hope
1 inch in either direction or remain still. Suppose they take turns to move, although
the small one can give up the right of moving when it is its turn. Now, let P(n)
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denote the statement
“If the two bugs are n inches apart and
if the big bug makes the first move,
then the big bug can catch the small one for sure.”

Prove that P(n) is true for all integers n≥ 0.
Hint: P(0),P(2),P(3),P(4) are easy; P(1) is a bit tricky. Once the basic step is
complete, then the inductive step should prove P(n) for any n≥ 5.
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