Algorithms and Functions

Alporithm: a hmite set of precise mstructions for performing a computation or for solving a

problemn.

It ix the black-box with three properties:

Definiteness: each step s defined precessely
Finiteness: emd after a bmte many steps

Generality: deal with all problems of the desired form, not just for some particolar imput

values.

Try to do the following job:

1.

Find the macxamal element in a imte sequence
Way 1: Compare two each time, and keep the corrent "leader™ .

Let muar :— a). For 1 — 2 to n, if max < ai, then maox - — aq

Locate an element in a given list

Way 1: linear search, or sequential search  Compare the desired 1tem with elements i the
list one by ome.

Way 2: Binary search: Order the list first (like a dictionary), then check the middle, go to
first half, or the second half according to © < aggidge, OT T > Cypiddle-

Important idea: PUSH THINGS INTO A SIMILAR, BUT SMALLER PROBLEM!

Sort the piven data in order

Way 1. Bubble sort: push the largest element to the end, then work with a shorter List.

Alporithm: For 2 — 1 ton — 1, if ay > a4, Interchange: a; with a;; ). Then repeat for the
remalnmg 1t — 1 mumbsers.

Way 2. Insertion Sort: Read the pomber and wnte them m order one-by-one.

Algorithm: Degin with ay. For 3 — 2 to n, compare a; with the current list, and insert it in
the right position.

Way 3. Merpe Sort: Split the list into two, sort each half, them merge.

Which way = better 7 How to compare two algornthomes? Compute how “expensive” they
are, in terms of tine or space spent. — Complexity.

Count the number of *major operations”™ used. It depends on how yon wnte the alporithm.

For examples,

Faind the mar: n— 1 comparisons.

Lanear Search: 1In worst case, n — 1 compansons.

Binary search: 1 4+ f(n/2) Later, we will see it s about logs n.
Bubble sort: (n—1)+(n—-2)4--- 4+ 1 = n{n - 1)/2.
Insertion Sort: Worst case 1 424 - 4 (n— 1)

Merge Sort: 2f(n/2) + n. Later, we will see it is about nlog(n)

(): with two complexity functions, how to compare them?



Definition 1. We say that [ is of (g) of there are constant O and K such that

|f(=)| < Clg(=)|

whieniever © > K.

Rend: fis big-0) of g. g dominates f, f 15 dominated by g.

Varnation of notations:

1. We say that g is of {2{g) if f s (){g). That is, if there are constant 7 and K such that

|7 (=)] = Cla(=)]
whenever & = K.

2. We say that [ ix O(g) if [ is ()(g) and £2{g). That is, if there are constant. ), € — 2, and K
such that

Calgl)| < [fiz)] < Cylgi=)]

whenever & = K.
Examples:

. f(z) = % 4 2z + 4, g(z) = .
2. f(x) = 4 — Bx, g(x) = /2.



