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recursion.

e recursim is definingsomehing in termsof itself
e therearemary examplesin nature
e andin mathematics

e andin computergraphicse.g.,theKochsnaowflake (textbodk, p.485)

¢s10Q@-sprin@002sklarlect21




power function.

e power is definal recusively:
if y==0, 2y=1
V=S5 ify==1, 2¥=x
otherwise, z¥ =z % z¥~!
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hereit is In a Jara method.

epublic int power ( int x, inty ) {

it (y=0) {
return( 1 );
}

elseif (y ==1) {
return( x );

}

el se {
return( x * power( x, y-1));

}
} // end of power() nethod

e Noticethatpower () callsitself!
¢ You cando thiswith any methal except main()
e BUT beware of infinite loops!!!

e You haveto know whenandhow to stoptherecursiom — whatis the stopping condiion
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let’'s walk throughpower ( 2, 4) .

call X |y | retum value
1| powner(2,9 2|4 2* power2,3)
o 2 powner(2,32|3|2* power@,2)
3| power(2,9 |2|2|2* power2,1)
4| power(2,) 1212

e thefirstis theoriginal call

e followedby threerecursive calls

¢s10Q@-sprin@002sklarlect21




N

stacks.

e thecompute usesa datastructurecalleda stack to keeptrack of whatis goingon
e think of a stack lik e a stackof plates

e you canonly take off thetop one

e yYou canonly addmoreplatesto thetop

e this correspadsto thetwo basicstack operations:

— push — puttingsomethingontothe stack
— pop — takingsomehing off of the stack

e wheneachrecusive call is made power() is pushedntothe stack

e wheneachretum is made the correspndingpower() is poppel off of the stack
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anotherexample:factorid.

e factorial is definedrecursvely:
Nl — if N==1, N!'=1
| otherwise, N!= N x (N —1)

o (for N > 0)
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hereit is In a Jara method.

epublic int factorial ( int N) {
It ( ==1) {

return( 1 );

}

el se {
return( N* factorial( N1));

}
} // end of factorial() nethod
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reaurswve iteration.

e You canalsouserecursia to iterae.

e Heresanexanple. Given:

public class ex2la {
int[] nyArray = new int[5];

public static void main( String[] args ) {
ex2la ex = new ex2la();
for (int i=0; i<5; i++ ) {
ex. nyArray[i] =1 + 10;
}
ex.printArray( 0 );
} /'l end of main() nethod
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public void printArray( int index ) {

If ( i1ndex < nyArray.length ) {
Systemout.print( myArray[index] + " " );
printArray( index+1 );

}

el se {

System out. println();

}
} /'l end of printArray() nethod

} /] end of ex2la cl ass
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normaliteration.

e Wherenormal iteration lookslik e this:

public void printArray() {
for ( int index=0; index<nyArray.|ength; index++ ) {
Systemout.print( nmyArray[index] + " " );
}
Systemout.println();
} /1l end of printArray() nethod
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backto recussive iteration.

e in therecursve versian, eachcall is like oneiteraion insidethefor loopin theiterative

version
call index | output | next call

1| printArray(0) | O 10 printArray(1)
2 | printArray(1) | 1 11 printArray(2)
3| printArray(2) | 2 12 printArray(3)
4| printArray(3) | 3 13 printArray(4)
5| printArray(4) | 4 14 printArray(5)
6 | printArray(5) | 5 newline | — —
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moreon recursion.

¢ With recursim, eachtime the methal is invoked,onestepis taken towards theresolution
of thetaskthe methodis mear to compete.

e Beforeeachstepis executed,the stateof thetaskbeingcomplgedis somavheaein the
middle of beingcompeted.

e After eachstep,the stateof thetaskis onestepcloserto completon.

e In theexanple above, eachtime print Array(i) is called,thearrayis printedfrom the
i-th elemento theendof thearray

e In thepower(z,y) exampk, eachtime the methal is called,poweris computel for each
z¥, in termsof the previous z¥ .

e In the factorial(N) exanple, eachtime themethodis called factaial is compuedfor
eachN, in termsof theprevious N — 1.

e Thebookusesheclassic*Towers of Hanoi” exanple (p477-4&2). Eachtime
moveTl ower() is called onediskis moved from onetower to anotler. At eachpoint(i.e.,
atthestartof eachrecusive call), the stateof thetowersis in the middle of competion,
until thefinal solutionis reachd.
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searding.

e Often,whenyou have datastoredin anarray you needto locateanelemem within that
array

e Thisis calledsearchng.

e Typically, you searchfor akey value(simply thevalueyou arelooking for) andreturnits

index (thelocationof thevaluein thearray)
e As with sorting,therearemary searting algorithms.
o We’'ll studythefollowing:

— linearsearch

* Standadl linearsearty, on sortedor unsortel data
x modifiedlinearseart, on sorteddataonly

— binarysearch

x iterative binaryseart, on sorteddataonly
* recursve binarysearchpn sorteddataonly
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linearseart: on UNSORIED DATA.

e Linearseach simplylooksthroughall theelemantsin thearray oneatatime, andstops
whenit findsthe key value.

e Thisis inefficient, but if thearrayyou aresearchig is not sortel, thenit maybetheonly
practica method

public int |inearSearch( int key ) {
for (int i=0; i<myArray.length; i++ ) {
I f ( key == nyArray[i] ) {
return( 1 );
}
} /] end for i
return( -1 );
} /'l end of linearSearch() nethod
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linearsearchon SORTED data.

e If thearrayyou aresearchig IS sorted thenyou canmodify thelinearseart to stop
searchmg if you have looked pastthe placewherethe key would be storedif it werein
thearray

e Thisonly helpsshorten theruntime if thekey is notin thearray..

public int nodifiedLi nearSearch( int key ) {
for (int i=0; i<myArray.length; i++ ) {
I f ( key == nyArray[i] ) {
return( 1 );
}
else if ( key < nyArray[i] ) {
return( -1 );
}
} /] end for i
return( -1 );
} /'l end of nodifiedLi near Search() nethod
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binary seach.

¢ Binary seart is muchmoreefficient thanlinearsearty, ON A SORTED ARRAY.
e It CANNQOT beusedonanunsortedcarray!

e It takesthestrat@y of continualy dividing theseart spacanto two halves hencethe
namebinary.

e Sayyou aresearchig sometling very large, like thephonebook. If you arelooking for
onename(e.qg.,“Gill igan”), it is extremely slow andinefficient to startwith the A’'sand
look at eachnameoneat atime, stoppng only whenyoufind “Gillig an”. But thisis
whatlinearsearchdoes.

e Binaryseart actsmuchlike you'd actif youwerelooking up “Gillig an” in thephone
book.

— You'd openthebooksomeavhere in the middle,thendetermire if “Gill igan” appears
beforeor afterthe pageyou have openel to.

— If “Gillig an” appeas afterthe pageyou’ve seleted,thenyou’d openthebookto a
laterpage.
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— If “Gillig an” appeas beforethe pageyou’ve selectedthenyou’d openthebookto an
earlig page.

e You'd repeathis processauntil you foundtheentryyou arelooking for.
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binaryseach, 2.

public int binarySearch( int key ) {

int lo =0, hi = nyArray.length-1, md,;

while ( 1o <= hi ) {
md=(lo+ hi ) [/ 2
I f ( key == nyArray[md] ) {
return( md );

}

else if ( key < myArray[md] ) {
hi = md - 1;

}

el se {
lo = md + 1;

}

} /'l end while
return( -1 );
} /'l end of binarySearch() nethod
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recusive binaryseara.

public int recursiveBinarySearch( int key, int lo, int hi ) {
if (1o <=hi ) {
int md=( lo + hi ) [ 2
i f ( key == nyArray[md] ) {
return( md );
}
else if ( key < myArray[md] ) {
return( recursiveBi narySearch( key, lo, md-1));

}
el se {
return( recursiveBi narySearch( key, md+1, hi ));
}
}
el se {
return( -1 );
}

} // end of recursiveBi narySearch() nethod
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