Search

- A noteon arrays

- JDB, revisited - setting breakpoints
- Assignment 4, example

 Linear search

. Binary search
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Arrays

.+ Declaring
— C style(Java Gently): <type><id>] |;
— Java style: <type>|[ ] <id>;
. Allocating a new array
— C gtyle:
<type> <id>[ ] = new <type>|[ <limit> ]
— Java style:
<type>[ ] <id>=new <type> [ <limit>]
. |t’soptional which styleyou use
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jdb, Revisited
- Breakpointswork

— Stop in <classhame>.<method _name>

— Causes execution to stop each time an invocation of
that method occurs

— Stop at <method name>:<line no>

— Causes exeuction to stop at that line noin that
method

— cont causes execution to resume until next
breakpoint

- Type?1n JDB to see help on commands
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jdb, Revisited
- Execution with breakpoints

— step causes execution of next statement (can step
by step through entire program)

— step up continues execution until return to caller
of current method

— clear <classname>.<method name>
clear <method name>:<line no>
both clear an already set breakpoint

- Breakpoint commands can be inter mingled
with other commands (e.g., list, locals, print)
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Example

27 remuslassignment3-s98> jdb myTest
Initializing jdb...

Oxee32b370: class(myT est)

> stop in Segment.pointOnSegment
Breakpoint set in Segment.pointOnSegment
> stop in Polygon.getPerimeter

Breakpoint set in Polygon.getPerimeter
>run

run myTest

running ...

main[1]

Breakpoint hit: Segment.pointOnSegment (Segment:230)
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main[1] list Example

226

227

228 public boolean pointOnSegment(Point p){
229 /first get endpoints of Segment

230 =>double x1 = (this.getFirstPoint()).getX(),

231 y1 = (this.getFirstPoint()).getY (),
232 x2 = (this.getSecondPoint()).get X(),
233 y2 = (this.getSecondPoint()).getY (),
234 X3 = p.getX(),

main[1] cont
main[1] 850.0 , 150.0) ison gloo._o , 100.0), (200.0, 200.0) ]//1st call of
pointOnSegment in myTest.main

Breakpoint hit: Segment.pointOnSegment (Segment:230)

main[1] cont

main[1] (300.0, 300.0) isnot on [ (100.0, 100.0), (200.0, 200.0) ]//2nd call
Breakpoint hit: Segment.pointOnSegment (Segment:230)

...we continue to do list and watch execution of pointOnSegment...

...we could clear this breakpoint with clear Segment:230 or use step up
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Example

main[1] step up //continues execution until reaches caller of thismethod
main[1] [/ImyTest.main; next breakpoint found isin getPerimeter

Breakpoint hit: Polygon.getPerimeter (Polygon:130)
main[1] list

126 //method to use an enumerator to calculate
127 /lthe perimeter of a Polygon object

128 /Ineedsto use getL ength() from Segment class

129 public double getPerimeter (){

130 => doubleperimeter = 0.0;

131 Enumeration edgeEnum = this.getEdges();

132 while (edgeEnum.hasM or eElements()){

133 Segment seg = (Segment)edgeEnum.nextElement();
134 System.out.printin(seg.toString() + " length="
main[1] step //executes one statement at atime

main[1]

Breakpoint hit: Polygon.getPerimeter (Polygon:131)
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Example

main[1] list
127 /lthe perimeter of a Polygon object
128 /Ineedsto use getL ength() from Segment class

129 public double getPerimeter (){

130 double perimeter = 0.0;

131 => Enumeration edgeEnum = this.getEdges();

132 while (edgeEnum.hasM or eElements() ){

133 Segment seg = (Segment)edgeEnum.nextElement();
134 System.out.printin(seg.toString() + " length="

135 + seg.getL ength());

main[1] step

main[1]

Breakpoint hit: Polygon.getEdges (Polygon:62)

main[1] cont

main[1] [ (100.0, 100.0), (200.0, 200.0) Jlength= 141.4213562373095
etc. //program terminates normally
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Assignment 4

- Glven a set of Polygons, find the one with
the closest vertex totheorigin (0,0).

- Need a nested enumer ation, onethrough the
Set of Polygons, and for each Polygon,
through each of itssidesto find the
corresponding vertices.

- Use Euclidean distance to compare points

X,y
dist = xX*x+y*y

Barbara G. Ryder © Spring 1998 Search(14)

9



Pol ygon p, psave = null; Point closest = null;
doubl e Doubl e. PCSI TI VE | NFI NI TY, di st 1, di st 2, p1X, plY, p2X, p2Y;
Enuner ati on pol yenum = pol ys. el enents();
whi |l e (pol yenum hashor eEl enents()){// extract pol ygon
= (Pol ygon) pol yenum next El enent () ;
Enunmer ati on si desenum = p. get Edges() ;
whi |l e (sidesenum hasMoreEl enents()){//extract side
Segnent ss = (Segnent) sidesenum nextEl enent ();

p1lX = (ss.getFirstPoint()).getX();

plY = (ss.getFirstPoint()).getY();

p2X = (ss.get SecondPoint()).getX(); -
p2Y = (ss. get SecondPoint()).get Y(); myTest2.java

distl = plX*plX+plY*plY;
di st2 = p2X*p2X+p2Y*p2Y;
I f (distl < d) {closest = ss.getFirstPoint();
d = distl, psave = p;}
I f (dist2 < d) {closest = ss.get SecondPoi nt ();
d = dist2; psave = p;}
}

} I/ have found cl osest point on this polygon
System out. pr| ntln("closest point to originis " + closest

"on polygon " + psave);}
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Algorithm Complexity

- Constant number of operationsin inner most
oop

- Perform these once per sidefor each of k
Polygons.

. Complexity of the nested loop over all will be
proportional to

Sum (over all Polygons) #sides of each Polygon
so If all Polygonsweretriangles, it would be 3k.

. |f sum all ssdesover all Polygonsto obtain s
sides, then work s proportional to constant*s.
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Search

. Standard useful algorithm involves looking
through alist of valuesfor a particular
value

- Canusearraysfor thistask

. Efficiency iIsimportant, especially for long
lists
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Linear Search |

. Search an unordered list of valuesfor O

5273492017 //stored in array

I nt desired = O;

f1. for (int 1=0; I < a.length; 1++)

{1f (a[i] == desired){
Systemout.println(desired +
“ found at position * + 1);
break f1};

}//may search entire array before know

[/ val ue not contained therein
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Linear Search |

. |f desired valuenot in array may haveto
search entirearray to find out.

- If desired valuein array it may beat the
end so may haveto search entirearray to
find it. Worst case

. If desired valuein array, you may find it in
thefirst element! Best case
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Linear Search ||

. Search an ordered list of valuesfor 3

. 01245779/lstored In sorted array
01245779
01245779
01245779 NOT FOUND!

. Proceed up from smallest value, comparingto
desired value, until hit a value which IS larger
than the desired value

- Don’t haveto search entirearray, unless
desired valueis bigger than all valuesin array
or islargest valuein array, Worst case

. In Best case, find valuein first element.
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Linear Search ||

. Search an ordered list of valuesfor 5

. 01245779/llstored in sorted array

01245779
01245779
01245779

0124577 9FOUND!
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Linear Search |l: Code

Nt desired = 2;
f1. for (int 1=0; I < a.length; i++){
I f (desired < af[i]) break f1;
else if (a[i] == desired){
Systemout.println(desired +
“found at elenment” + 1);

break f1;}
}//only search until find nunber | arger

[/ than desired
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Worst Case Complexity

. Linear search |: n checksif desired not in
unordered array of n values

— On average, desired value could be anywherein
thearray

. Linear search Il: 2n checks, If desired Is
larger than the largest element;

— On average, will check n/2 elements
. Istherea better way?
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« Thegameallowsyou twenty questionsto guessthe

nu
e SU

Barbara G. Ryder

Twenty Questions

mber |'m thinking of between 1 and 1 million
ppose the chosen number 1s445,362
1:1,000,000]: 500,000 = lower

11:500,000]: 250,000 = higher
250,000:500,000]: 375,000 = higher
'375,000:500,000]: 437,500 = higher
437,500:500,000]: 468,750 = lower
437,500:468,750]: 453,125 = |lower
437,500:453,125]: 445,312 = higher

© Spring 1998 Search(14)
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Twenty Questions

. Know the number isbetween 445,312 and
453,125 having asked only 7 questions!

- Each question eiminates half the possible
number s |eft.

- How many questionswill it take?
— How many times can 1,000,000 be divided by 27?
— 220=1,048,576, so 20 questions suffice.

. Let’'susethisideato search an ordered list
of numbers
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Binary Search
hearray, if it iIsthere.
) ==

?F;, 2==0?F

indicesin the array

7 ==

D ==

) ==

3?F, 2<3?T

1?7 F;, 2<1?F

2?7 T: found with index 2

Search(14)
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Binary Search

Find index of 4, if it iISthere.
01235689 4==9?F:4==0?F

01234567 Indicesin the array
01235689 4==3?F; 4<3?F
01234567

012356809 4==67F;, 4<6?T
01234567

01235689 4==5?F;, 4<5?T
01234567 4isn’t found
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Complexity: Binary Search

. At each step divide number of numbers|eft
toexaminein half: j, j/2, j/4,]/8,]/16,...,1

- Do 2 comparisons each step (== and then <)

- Stop when reach k such that

—j/(2ZY==1o0r | ==2kor

—logyj =k

- Will doin theworst case, log, ] comparisons
If number isnot in thelist of | numbers.
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Binary Search |- Code Exerpt

[/ assune have read in a[], desired
/ / have set hi=a.length-1, | ow=0,
[Imd=(a.length-1)/2

Systemout.println (“desired = “+ desired);
Int hi=a.length-1,1ow=0, md=(hi+l ow)/ 2;
Systemout.println("lowmd,hi " + low+ " “+
md + " " + hi);//debuggi ng out put
[/first checks ends of the array
if (desired == a[hi]) newbinsearch.java

{Systemout.println(* found “ +
desired + “ at ” + hi);

return;}

else if (desired == a[low) {System out. printl n(
“ found “+ desired + “ at “ + |ow);
return;}
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Binary Search | - Main Loop
wi: {

w2: while (hi >= low {
it ( == a[md]){
System out. printl n(
" found at a[" + md + "]");
break wi;}
else if ( < a[md]) hi = md-1;
el se low = m d+1;
md = (hi+low/2;

el se

Systemout.printin("low,md,hi " +
low + " " + md + " " + hi);
}
System out. printl n( + " not found");
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Output

8 renus! 111> !java
j ava Bi narySear ch
Enter 8 nunbers in nondecreasi ng order
| nput an integer: 2 4 6 8 10 12 14 16
| nput desired val ue 4
desired = 4
low,md,hi0O 3 7
low,md,hi 01 2
found at af 1]
10 renus! 111> !java
j ava Bi narySearch
Enter 8 nunbers in nondecreasi ng order
| nput an integer: 2 4 6 8 10 12 14 16
| nput desired value 17
desired = 17
low, md,hi0O 3 7

low, md,hi 457
low,md,hi 6 6 7
low,md,hi 7 7 7
low,md,hi 8 7 7

17 not found
11 renmus! 111>
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Binary Search

- What changesin the codeif weuse a
nonincreasing array of numbersrather than
anondecreasing arrray?

| f (desired == md) ....
else if (desired < a[md]) hi = md-1;
el se ow = m d+1;

hasto changeto
| f (desired == md) ...
else if (desired < a[fmd]) low = m d+1;
el se hi = md-1;
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Binary Search

- Problem decomposition
— Finding desired in a[low]-alhi] iIsreduced to
finding it in a[low]-almid-1] or almid+1]-a[hi]
— Problem sizeis halved at each step
- Do constant work at each step (2
compares) and no morethan log, n stepsfor
n values

- What if wanted to search for objectsin an
array
— Need equals() and compareT o)
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Binary Search || - Recursive

. Suggestswe can solvethisrecursively, asin
GCD examplewith Bert and Ernie

private static int binSearch(int low, int hi, int []
a, iInt ) {
int md = (hi+low/2;
I1f (hi <low {return -1;}

if == a[md]) return md;
else if ( < a[md])

return (binSearch(low, nd-1,a, ));
el se return(binSearch(m d+1, hi, a, ));

newbinsearchRec.java
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How it wor ks?

data: 1357 9101418 9
Index: 01234 5 6 7 desred
Initial interval isa[0] toal7] ;

Ask Ernietofind 9in a[0] toa[7]. Erniechecksal3] == 9,
a[3] <9?

Since answer isyes, Ernieasks Bert tofind 9 in a[4] to a[7].
Bert checksal5] ==9, a[5] <97
Since answer isno, Bert asksElmotofind 9in a[4] to al4].
Elmo checksal4] == 9 ? and findsit isl EImo tells Bert
the answer isindex 4. 3 pairs of
Bert tellsErniethe answer is4. comparisons!
Ernietellsthe questioner the answer is4. g = 23
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