Complexity of Search

. |teration to recursion
- Asymptotic complexity

— What isit?

— What isbig O notation?

— Justifying aver age case analysis
- Envalope classes

— Useini/o
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Wheredoestheiteration go?

private static int binSearch(int low, int hi, int []
a, Iint desired){
1f (hi == low +1) {return -1;}
int md = (hi+low)/2;
| f (desired == a[md]) return md;

else if (desired < a[md]) {
return (binSearch(low, md, a,desired));

}

el se return(binSearch(md, hi, a, desired));

Each time through the loop we halved the interval to be
examined. Each time we call binSearch recursively, we
half the interval.

Number of copies of binSearch needed == number of iterations.
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Recursion in “Real” Life

. Triviaquestion: What famous Dr. Seuss
story has an example of recursion in it?

. Answer next week!
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Asymptotic Complexity

- Tryingto calculate how an algorithm behaves
for large amounts of data

— N or 2n comparisons  versus n2

» For 250 million peoplein US (2.5E8),
—nis25ES8; 2nis5. E8; n?is6.25 E16

» Clearly, for largen, 2nand n areclose In
value whereasn? ismuch larger!
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Asymptotic Complexity

- Another comparison

nversuslog,n (uselog .n to approx)
log.n
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log n grows much more

slowly than n.
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Asymptotic Complexity
- Talk about how cost of an algorithm increases
as problem size increases

- Trytofind afunction of problem size such
that worst case behavior isbounded above by
that function
— O(] ) (read thisas big-O of |)

— Meansalgorithm’s performancein worst caseis

pounded above by |, ameasurelinear in the
oroblem size (e.g., number of numbersto search).

— Linear search isO(n); binary search isO(log n)
— Congtant timeisO(1)
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Revisiting Linear Search

Average Cost Analysis

- Assumearray holds| elements

- Assume about half the lookupsfail (on

average)
- Consider doing 2j lookups
— | lookups find nothing and each costs|

— | lookups find a match and each costs about |/2

— Total cost of 2] lookupsis:.
J*)+)*(/2)=15]°2
— Expected cost for any one search is

see next
page

total cost / #searches=15]2/(2])=.75]
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Validity of our Assumptions

- Assumedesired valueisinthearray of size|
— Any position in array isequally likely to hold
thevalue
- What’ s expected cost for alookup that
matches?
— Find total cost of looking up each element
1+2+3+..+(-2)+(-)+)=((j+1)*))/2
— Number of lookupsis|
— Averagecost:((] +1D)*(/2))j=( + 1)/ 2and|/2
IS close enough to thisvalue for large]
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Search Algorithm Complexities

Assume an array with n values.

Linear Linear Binary
Unordered Ordered
Best O(1) O(1) O(1)
Wor st O(n) O(n) O(log n)

Average O(3n/4) O(n/2) O(logn)
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Envelope Classes

- Needed because everything in Javais
actually an object

- Toget the primitivetypesinto the language
we need a some mechanism to obtain those
kinds of values

- Envelope classes. I nteger, Double,
Character, Boolean

- Methodsin these envelope classes let us
move between classes and primitive types
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| nteger Class

. Interface (partial)
| nteger (int value); //creates an Integer object

Int IntValue();//obtainsint value from Integer
receiver

| nteger valueOf(String s);//class method which
convertsa String object to an Integer object

| nteger lobj = new Integer (1);
Systemout. println(lobj.intValue());
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What isthisused for?

. |nput In standard Java

— Input Isa stream of substring tokens, separ ated
oy blanks, commas, or tabs

— Can pass each token to the appropriate
envelope classto convert it to an object of the

correct type
— Then convert to corresponding primitive value

. Have also seen class variables from Double

— DoublePOSITIVE_INFINITY
— Double NEGAIVE_INFINITY
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TokenStream Class

. cslll.io package contains TokenStream
class which uses StringT okenizer

. TokenStream() throws|OEXxception

— For keyboard input uses | nputStreamReader
- TokenStream( String filename) throws

| OEXception

— For fileinput uses FileReader

. Allowsfor multipleinput streamsin use at
at sametime by creating multiple
TokenStream objects
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StringTokenizer Class

. Standard Java StringT okenizer class
provides methods for reading substrings:
— StringTokenizer (String s);//constructor

— String nextToken();//returns next substring
from StringT okenizer reciever

— boolean hasMoreTokens();//checks if
StringTokenizer recelver has moretokens
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TokenStream Class Essentials

- Similar to JavaGently Text Class
public class TokenStrean
private StringTokenizer t = null;
private BufferedReader br = null;
private String current Token = "";
private bool ean keyboard = true;//reset to false if
[/file 1o is used

/12 forns of each read nethod, one for keyboard

[/one for files (which don’t use a pronpt)

public int readlint() throws | Cexception();

public int readlnt(String pronpt) throws | OException();
[/simlarly for readDouble(), readString(), readChar()
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/[** reads a new line and establishes a tokenizer.
* |f reading from keyboard, pronpt on each new |ine
* @param pronmpt string used to pronpt for input
*/

private void refresh(String pronpt) throws
| OException {
while ((t == null) || !'(t.hasMoreTokens())) {
| f (keyboard) {
System out. print(pronpt);
System out . flush(); _
) ,/ Java i/o package
String line = br.readLi ne();
If (litne == null) throw new EOFException();
t = new StringTokeni zer(line);

b \\ StringTokenizer class
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/**

* reads an integer fromthe TokenStream
* @param pronmpt string used to pronpt for 1 nput
* @eturn the next integer in the TokenStream
*/
public int readlnt(String pronpt) throws
| OException {
while (true) {

refresh(pronpt); String method
String item = next Token();

try {return / 5 Integer method
(Integer.valueO (itemtrin())).intValue();}

catch (Nunber For mat Exception e) {

Systemout.printin(item+ " is an invalid
“Integer, try again.");

System out. flush();
}

}
} class method, class Integer
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