Lecture 8
Part A

Recursion -
Basics: Thinking Recursively, Call Stack



Solving_a Problem Recursively

Given a small problem: Solve it directly:

Given a big problem:

Divide it intfo smaller problems:

Assume solutions to smaller problems:

Combine solutions to smaller problems:

(1 == ...) { /* base case: do something directly =*/ }

else

>;/* recursive call with strictly smaller value */
}
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Recursive Solution: factorial
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/ﬂlnt factorial (int")§

int result;

ﬂﬂyf(n =="0) { /+ base case */ result = 1; }
else | /+ recursive case */

result = @* factorla@
= mfg dwolly

}
return
/ = l
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Example: factorial(3))

Runtime Stack



Common Errors of Recursion (1)

int factorial (int n) {

return n » factorial (n - 1);

}
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Common Errors of Recursion (2)

int factorial (int n) {
& 5] 67 0) { /* base case */ return 1; }

else { /x recursive case */ return n x factoriall(n)); }
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Recursive Solution: Fibonacci Numbers
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Recursive Solution in Java: Fibonacci Numbers

int fib (int n) {
nt result;
if(n == 1) { /* base case */ result = 1; }
else if(n == 2) { /* base case */ result =

else { /% recursive case +/
%result = fib (n - 1) + fib (n - 2);

return resul? M % l

}

Example: ﬁb(4)

Runtime Stack
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Lecture 7
Part B

Recursion -
Examples: Recursions on Strings



[»’l m) 0|1 2

Use of String Qh?bfg (N, "y

public class StringTester ({
public static void main(String[] args) {
;wLmU

String s = "abcd"; 4
System.out.println(s.isEmpty () /* false #*/

/* Characters in index rdnge 49

String t0 = s. substrlng(O \u a/ﬂfﬂf
System.out priatin(tl) ; /* ;'_" */

/* Characters 1in index rang:_[O, 4) */
String tl1 = s.substring(0), \4);

System.out .printila{tl): /% "abad™ %/

[A m1] S~k b eld[f

/* Characters in index rangg [1, 3) */

String t2 = s.substring‘;l‘ ‘:b,

System.out.println(t2); /% "bc" */

String t3 = (G) substring{(), 2) + s.substring(2, \4) ;

System.out.println(s.equals(t3)); /+ true x/

for(int i = 0; i < s. length(), i ++) {
System.out.print (s.charAt (

i’ystem.out.println(); 4 Mdt(0> -2 é'\
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Recursions on Strings J "‘f? o k

Palindrome 7
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Problem: Palindrome )

boolean isPalindrome (String word) {
IE(word.length() == 0 || word.length()
)

—-—

/% base case */
return true;

else {
* LEeCULSlve case =
chart firstChar = word.charAt (0);
char- JlastChar word.charAt (word.length() - 1);
String,middle word.substring (1, word.length() - 1)};
return
firstChar == lastChar
/* See the API of java.lang.String.substring. *

s (dspalindrome) [midald) ;
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Problem: Reverse of a String b H-14) de

W&M
String reverseOf (String {

if (5.1sEmpty()) { /* base case 1 =
return "";

}

else if(s.length() == 1)
return s;

}

{ /» base case 2 x*

else { /* recursive case */

String tail = s.substring(l, s.length());
String reverseOfTail = re?érseOf (tail)

b vecuae, &/

char head = s.charAt (0);
return reverseOfTail + head;
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Problem: Number of Occurrences

int occurrencesOf’(String(:) char<:) {
if (s.isEmpty()) {
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/* Recursive Case +*/

char ‘head = s.charAt(0);
String tail =
“if (head == c)

substring(l, s.length()) >

/ereturn
}

else {
2 return

1|+ f/occurrencesOf (tail, c);

0/l+ occurrencesOf (tail, c);
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Lecture 7
Part C

Recursion -
Examples: Recursions on Arrays



Recursion on an Array: Passing new Sub-Arrays

void m(int[] a) { P L&Q mfeS‘

if (a.length == 09 {7 /A base case */ }

else if(a.length == 1)} { /* base case #*/ }
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Recursion on an Array: Passing_Same Array Reference

void m(int[] &, int from, i i : W
iEfrom > to) | // base case */ } - o)
else if[from == tY) { |/x base case A/ }

else { mf a), I, tO0) } 1
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Problem: Are All Numbers Positive? . akxX

boolean allPositive (int
return allP051t1veHelper @ 0, a.length - 1);

: > awswe heber wethod

boolean allPositiveHelper (int[] a, int/from; int (to)/ {
o —— Y ——
if (from > to) /+* base case 1: empty rarfge */

return true"’w lﬁ A((% 'd
) e
else :|.f(from == tO) {,—4‘* base case 2: range of one element #*
return al[from] > 0; Mﬁf. WI
(

} (
else { /+ regussdse CasSE—=

return| a[from] > O . 1PositiveHelpe a, from + 1, E’));’




Tracing Recursion: allPositive

boolean allPositive(int[] a) {
return allPositiveHelper (a,

} 67 ~

boolean_ allPositiveHelper (int[] a, int f?‘m, int t/f {

a”POS|t|Ve( if (fraom > ?o { /% base case 1: empty range */
0

0, a.length — 1);

| }
| &, else if (from == to) { /* base case 2: range of one element #*/
return a[from] > 0;
allPH(a,0 }
else { /% recursive case */
from + 1, to);

return a[from] > 0 && allPositiveHelper (a,

}
}




Tracing Recursion: allPositive

Sa a= ‘ boolean allPositive(int[] a) {
y - 1 return allPositiveHelper (a, 0, a.length - 1);
}
fds 0

i — boolea: allPositiveHelper (int[] a, int , Ant z {
a”POSItlve(d) xlf (?om > to) { /% base case 1: empty range */

return true i2

| )
a. else if (from == to) { /+ base case 2: range of one element */
return a[from] > 0g

allPH(a,0/0) }
" else { /% recurst “@case */

return a[from] > 0 && allPositiveHelper (a, from + 1, to);

>ow‘l




Tracing_Recursion:

allPositive

boolean allPositive(int][]

A

return allPositiveHelper (a, 0, a.length - 1);
2 9
J oL>*?3 2,
{

boolean allPositiveHelper (int[] a, int fpém, int %)

if (from > to) { /+ base case 1: empty range x/

return true; . >
) 3 3
Xelse if(from == to) { /* base case 2: range of one element #*/
return a[from] > 0; 2

} L
. .
else { /+ regursive case_x

return a[from] > 0 && | allPositiveHelper (a, fr.om # A, Eo) i




Tracing_Recursion:

allPositive

Say a = {5,3,-2,9}

allPositive(a)

allPH(a,0,3)

T~

a[0] >0 allPH(a,1,3)

T Lene: et

a[1] > o0

boolean allPositive(int[] a) {

return allPositiveHelper (a, 0, a.length - 1);

}

boolean allPositiveHelper (int[] a, int from, int to) {

if (from > to) { /+ base case 1: empty range x/

return true;

}
else if(from == to) { /* base case 2: range of one element =/

return a[from] > 0;

}

else { /% recursive case */

allPositiveHelper (a, from + 1, to);

return a[from] > 0 &&

}
}

allPH(a,2,3)

o

a[2] > o0 allPH(a,3,3)



Problem: Are Numbers Sorted?

boolean isSorted(int[] @ {
return isSortedHelper (a,( ) a.length - 1);

} "
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boolean | isSortedHelper (int[] a, int\from,/ int( to)
1t (from > to) { * base case 1: empty range *

return true;

}

else if (from == to) {
return true;

/* base case 2: range of one element A

-~

}
else {




Tracing Recursion: isSorted

@ boolean isSorted(int[] & { — ,
return isSortedHelper (a, O, a.length = 1)) g
}
{3 (] -l
. boolea isSorgedHelper (int[] a, int m, int to) {
isSorted(®) P esezyeaiep o

if (from > to) { /+ base case 1: empty range =/
| return true;|

else if(from == to) { /+ base case 2: range of one element */

. return true;
isSH(a,0,-1) )
else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);




Tracing Recursion: isSorted i

Say a= boolean is'Sorted(int[] A | 17,
return isSortedHelper (a, 0, a.length — 1);
}

iSSOrted(a) boolean isSortedHelper (int[] a, int from, int to) ({
Xif (from > to) { /* base case 1: empty range x*/
return true;

}

else if(from == to) { /+ base case 2: range of one element */
>return true;
}

isSH(a,0,0)
else {
return a[from] <= a[from + 1]

&& 1isSortedHelper (a, from + 1, to);

returp’true




Tracing Recursion: isSorted

_ S - boolean isSorted(int[] a) { ;
Say d {3’6’6’7} return isSortedHelper (a, 0, a.length - 1);
}

boolean isSortedHelper (int[] a, int from, int to)
if (from > to) { /+ base case 1: empty range =/

return true;

{

} .
else if‘from == to] { /* base case 2: range of one element */
return‘ true;

}
else {
return a[from] <= a[from + 1]

(&&? isSortedHelper (a, from + 1, to);
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Tracing Recursion: isSorted

Say a= {3,6,5,7} (‘F;- boolean is'Sorted(int[] a) {
return isSortedHelper (a, 0, a.length - 1);
}

boolean isSortedHelper (int[] a, int from, int to)

ISSOI‘ted(a) if (from > to) { /+ base case 1: empty range =/
return true;

{

| t}alse if(from == to) { /* base case 2: range of one element #*/
iSSH(a,O,3) } return true;
else {
/ \ return a[from] <= a[from + 1]
&& 1isSortedHelper (a, from + 1, to);
a[0]<=a[1] isSH(a,1,3)

a[1]<=a[2]  isSH(a,2,3) Caocze -'TV&CQ
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a[2]<=a[3] isSH(a,3,3)




