Problem Set 1
CHCE 222 Spring 20011
Andreas Klappenecker

Due on Friday, Jamary 28, before class. Plesse use the cover sheet that will be
available and staple your homework submission.

Lot f, ¢ be functions from the natural mumbers N = {1,2,3,...} to the sot
of real numbers H. Hecall that f = ¢ means that that there exists an g in N
such that fi{n) < g{n) holda for all n > my.

Praoblem 1 Order the following five functions with respect to the relation =
mlnm, (nln n.]"'“, m“'"!'_", n’, Inn

Justify your answer.
[For example, ginee 1 < n holds for all n € N, multiplying both sides by n > 0
yiclds n < n® for all n = ng := 1. Therefore, n = n® holds. |

Let f,p: N — H. Recall that f{n) = (}g(n)) if and only if there exists a
eonstant (' euch that |fim)| = C|g{n)| holds.

Problem 2 Let f), fa, 9y, 92 be functiona from N to R, where gy(n) > 0 and
ga{n) = D for all n = 0. Let fi(n) = ({gi(n)) and fa(n) = (Nge(n)). Show that
(a) filn)+ faln) = (g (n) + ga(n])

(b) fi(n)faln) = O(g(n)ga(n))

holda. 1o the claims also hold if g; and g are not necessarily positive?

We write f{n) = {2{g(n)) if and only if g(n) = O f(n)).

Problem 3 Let 7 be a natural number. We write n! to denote the product
il =1-2-3----n. The number n! is called n factorial and it counts for instanee

the number of ways to rearrange i distinet elements of an array. Show that
(a) n! = (n™).
(b) m! = L2™).

We write f(n) = &(g(n)) if and only if both f(n) = O(g(n)) and f(n) =
flgin)) hold. Intnitively, this means that f and g have roughly the same
asymptotic growth.

Problem 4 Show that 1% + 2% + 3 + ... 4 " = B(a").

Problem 5 Show that if ¢ ia a positive real number, then g(n) = 1 + &+ +
-+ - 4 ™ gatishes

(a) gin) =6(1) if e 1,

(b) gin)=8(n)ifec=1,

(e) gin) =8{c")ife > 1

Thus, the growth of the geometric seriea g{n) is determined by its first coefficient
if the series has decressing terms, by the number of terms if the terms remain
unchanged, and by the last coethcient if the terms are inereasing. 'I'he geometric

aeTies is used very frequently in the analyeia of alporithmes.



Programming | fnstall ruby on gour computer. Erplore the interpreter and
learn aboui the basic data types (infegers, arroys, hoshes, strings, efe ] and
comtrol structures of ruby.



