Search algorithms
ad
informal introduction to
asymptotic complexity

Organization

 Searchinginarrays
— Linear search
« Generic Programming
— Binary search
¢ Asymptotic complexity of algorithms
— Informal, for now

Linear search

* Input:
— unsorted array A of Comparables
— valuev of type Comparable
e Output: trueif v isinarray A, false otherwise

¢ Algorithm: examine the elements of A in some
order till you either
— find v: return true, or

— you have unsuccessfully examined all the elements of
thearray: return false

/llinear search for v on possibly unsorted array
public static boolean linearSearch(int[ ] a, intv) {
inti=0;
while (i < a.length) {
if (a[i] == 0) return true;
else i++;
}

return false;

}
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Polymorphic Linear Search

e Codeonly worksfor ints... what about
other primitives, or Strings, or Points, etc.?
» Want to comparetwo objectsfor:
— equality > use obj1.equals(obj2)
— inequality - obj1 < obj2 // does not work

| nterface Comparable

public interface Comparable {
public int compareTo(Object rhs) throws ClassCastException;

}

Ihs.compareTo(rhs)

« throws ClassCastException if rhsisof wrong type
for comparison to lhs

« returns zero if Ihs and rhscompare equally
 returns negative if Ihs<rhs

* returns positive if lhs>rhs

e Think: (Ihs<=rhs) = (Ihs.compareTo(rhg) <= 0)




Implementing Comparable

class Student {
double gpa;
public int compareTo(Object rhs) {
Student other = (Student)rhs; // may fail
return this.gpa — other.gpa;

Multiple Levels

class PhoneBookEntry {
String Iname, fname;
int priority;
public int compareTo(Object rhs) {
PhoneBookEntry other = (PhoneBookEntry)rhs;
int r = this.Iname.compareTo(otherIname);

} if (r == 0) r = this.fname.compareTo(other fname);
1 if (r == 0) r = this.priority — other.priority;
returnr;
}
}
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B I na‘r %arCh Ileft and right are the two end points of interval of array

e Input: static boolean binarySearch(Comparable[] a, intlo, int hi, Comparable v) {

— sorted array a[0..n-1] of Comparable

— Value vof type Comparable
« Output: returnstrueif visin the array; fal se otherwise
« Algorithm similar to looking up telephone directory

— Let m bethe middle element of the array

— If (m==\) return true

— If (m <) search right half of array

— If (m>\) search left half of array
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if (lo > hi) return false; // nothing to search
int middle = (lo + hi)/2;
int ¢ = a[middle].compareTo(v);

Ilbase cases

if (c == 0) return true;

Ilcheck if array interval has only one element
if (lo == hi) return false;

Ilarray interval has more than one element, so continue searching

if (¢ > 0) return binarySearch(a, lo, middle -1, v); //left half
else return binarySearch(a, middle+1, hi, v); // right half

Invocation: assume array named data contains values
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Comparison of algorithms

If you run binary search and linear search on a

compuiter, you will find that binary search runs

much faster than linear search.

» Stating this precisely can be quite subtle.

 One approach: asymptotic complexity of programs
— big-O notation

e Two steps:

— Compute running time of program

— Running time - asymptotic running time

Running time of algorithms

¢ Ingeneral, running time of a program such aslinear
search depends on many factors:
1. machine on which program is executed
« laptop vs. supercomputer
2. sizeof input (array A)
* bigarray vs. smal array
* sizeof elementsin array
(int vs. long vs. BigNatural vs. Image vs. Genome)
3. valuesof input
« visfirst elementin array vs. visnot in array
¢ Totalk precisely about running times of programs, we
must specify all three factors above.
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Defining running time of programs

1. Machineonwhich programs are executed.

— Randomaccess Memory (RAM) model of computing
*  Maeasure of running time: number of operations executed

—  Other models used in CS: Turing machine, Parallel
RAM model, ...

— Simplified RAM model for now:
*  Each datacomparison is one operation.
«  All other operationsare free.
Evaluate searching/sorting agorithms by estimating number
of comparisonsthey execute
— it can be shown that for searching and sorting algorithms, total
number of operations executed on RAM model is proportional
to number of data comparisons executed
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Defining running time (contd.)

2. Dependence on size of input

— Rather than compute a single number, we will
compute afunction from problem size to number of
comparisons.
* (eg f(n) =32n2—2n+ 23 wherenis problem size

— Each program hasits own measure of problem size.

—  For searching/sorting, natural measure is size of array
on which you are searching/sorting (assuming
constant sized elements)
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Define running time (contd.)

3. Dependence of running time on input
vaues

* Consider set| , of possible
inputs of sizen.

« Find number of comparisons
for each possibleinput in this set.

e

*Average: hard to compute usualy
*Worst-case: easier to compute
Possibleinputs of size 2 *Wewill use worst-case complexity.

for linear/binary search

Computing running times
. . CId L dddb L did &
Linear search:

Assume array isof sizen.

Worst-case number of comparisons:v is notin array.
Number of comparisons = n.

Running time of linear search: T (n)=n

Binary search: sorted array of sizen

Worst-case number of comparisons.v isnotin array.

Te(n) = |L§Jz(n)J+ 1 1

Running time =
Asymptotic running time

Linear search: T ()= n
Binary search: Tg(n) = I'W)Qz(’T)J+ 1

Wearereally interested only in comparing running times
for large problem sizes.
«For small problem sizes, running time is small enough
that we may not carewhich algorithmweuse.

For large values of n, we can drop the“+1" term and the floor
operation, and keep only the leading term, and say that
Tg(n) = log,(n) asn getslarger.

Formally, Ty(n) = O(log,(n)) and T, (n) =O(n) 17

Rules for computing
asymptotic running time

« Compute running time as a function of input size.

» Droplower order terms.

e From theterm that remains, drop floors/ceilings as

well asany constant multipliers.

Write result as O(f(n))

— “O" standsfor “on the order of”

¢ Result: usualy something like O(n), O(r#),
O(nlog(n)), O(2"), etc.
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Summary of informal introduction

Asymptotic running time of aprogram
1. Running time: compute worst-case number of
operations required to execute program on
RAM model as afunction of input size.
— for searching/sorting algorithms, we will compute
only the number of comparisons
2. Runningtime - asymptotic running time:
keep only the leading term(s) in thisfunction.




