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Solving Problems Recursively

Probl ~Base Case(s)/ R Sol (s) to Sub-Probl ()Q
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Recursion on an Array: Passing new Sub-Arrays

void m(int[] a) {
if(a.length == 0) { /* base case
else if(a.length == 1) { /* base cas
else {

for (int i =
m(sub) } }

int[] [sub|= npw?int[a.length - 1];
L

i1 < a.length; i ++)
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Say al = {}, consider m(al) m ( ﬁ) E_, Q_}_ [25)
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Say a2 = {A}, consider m(a2) LJ]ML”/”\ (‘ [ !)7 |>
Say a3 =[{A, B, C, D}\ consider m(a3) m




Recursion on an Array: Passing Same Array Reference

void (m(intf] a, int@int@/) {

iENEFrongy o)y { /~Cbasencasey -,/ }
else if (from == to)

{ /* base case x/ }
else { m(a, |from + 1|, to) } }
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Say al = {}, consider m(al, O, al.length - 1) iy~
- e
v to
Say a2 = {A}, consider m(a2, 0, a2.length - 1) >0 ‘?‘}
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Say a3 = {A, B, C, D}, consider m(a3, 0, a3.length - 1) J’D
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Problem: Are All Numbers Positive?

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 #*/

return true;

2: range of one element */

else if (from == to) { /* base case 2:

return a[from] > 0;
}
else { /* recursive case */

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

to);



Tracing Recursion:

allPositive

|

allPH(a,0,-1)
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Iboolean allPositive (int[] ,{) i.)
return allPositiveHelper (a, 0, — il )ie
} o
o A

Iboolealb allPoiltlveHelper (int[] a, int from, int to) {

range

if fro { /* base case 1: empty rang
return true
}

else if(from == to) { /+ base case 2: range of on
return al[from] > 0;
}

else { /x recursive c:
return a[from] > 0 &&

}

ase #

allPositiveHelper (a, from + 1, to);

}
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Tracing Recursion:

allPositive )LL&

aIIPositive@

a||PH(a@@
@ >0
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boolean allPositive(int[] a) { (Y
return allPositiveHelper (a, O,<é.length = ;>;
} — D 0

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

)(if (from > to) { /* base case 1: empty range */
return true;
/4 o

o
)(e)lse if(fronﬁ: to) { /* base case 2: range of one element «
——2return alfrom] > 0;

else { /* recursive case x*/
return a[from] > 0 && allPositiveHelper (a, from + 1, to);

}

}
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TraCinq RecurSion: bc,roe];:el.larnn aiiiiiéii;i;;ii;iraza,{ 0, a.length - 1);
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allPositive $.7, 3]
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boolean allPositiveHelper (int[] a, int from, int to) {
e e
if (from > to) { /* base case 1: empty range */
return true;

a”POSitive(a) ’9 Kxx;lse if(f.%m == toj { /*» base case 2: range of one element x*/
| return[ alfrom] > (;
}

else { /* recursive ggse */

-—? +—) return alfrom] > 0 allPositiveHelper (a, from + 1, to);
; 4 —_—
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a[0] >0 gL aIIPH(a@@ Say a = {4,7,3,9}
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Tracing Recursion:

allPositive

allPositive(a)

allPH(a,0,3)

\
a[0] > 0 @allpH(a,;,_?Q
= @ @allPH(a,g,Q

boolean allPositive(int[] a) {

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

}

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

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

}

else if (from == to) { /=
return a[from] > 0;

}

else { /* recursive case x*/
return a[from] > 0 && allPositiveHelper (a, from + 1,

base case 2: range

to);

}
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Problem: Are Numbers Sorted?

boolean isSorted(int[] a) {
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]

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



Tracing Recursion:

isSorted

isSorted(a)

isSH(a,0,-1)
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boolean isSorted(int[] a)

return isSortedHelper (a,

}

booleaq, isSoriedHelper (int[]
) |

if (from > to
eturn truey

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

}

else {

return al[ from]

&& 1isSortedHelper (a,

/% base case 1: empty range x/

{

=

0, a.length - 1);

__{

a, int from,

base case 2:

<= a[from + 1]

from + 1, to);

int to) {
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Tracing Recursion:

isSorted

isSorted(a)

|
isSH(a@
|

return true

boolean isSorted(int[] a) {

0

return isSortedHelper (a, 0, a,AZLength - 1);
} 6/:

boolean
if (from > to) { /«*
return true;

}

9 else if (from == to) {

return a[from] <=

&& 1sSortedHelper (a,

isSortedHelper (int[]

base case 1:

/+* base cas

19}
0}

alfrom + 1]

emptry

from + 1, to);

range

a, int from, int to) {

range */
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Tracing Recursion:

isSorted

isSorted(a)

boolean isSorted(int[] a) {

return isSortedHelper (a, 0, a.length - 1);
}

boolean isSortedHelper (int[] a, int from, int to) {
if (from > to) { /* base case 1: empty range x/
retury true;
}
else if (from == to) { /* base case 2:
return true;

}

range of one element */

else {
t;>re rn al[from] <= al[from + 1]
——— ey ——————————————
&& JisSortedHelper (a, from + 1, to);
} -

}
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Tracing Recursion:
isSorted

}

if (from > to) {
return true;

}

boolean isSorted(int[]
return isSortedHelper (a,

boolean isSortedHelper (int[] a,

{
0, a.length - 1);

int from, int to) {

from + 1, to);

Say a = {3,6,5,7}

ISSOFted(a) else if (from == to)
return true;
| )
else ({
return a[from] <= a[from + 1]
|SSH(a,O,3) } && 1isSortedHelper (a,
/ \ }
a[0]<=a[1] isSH(a,1,3)
a[l]<=a[2] isSH(a,2,3)
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Container vs. Containee
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Aggregation: Design

Java Implementation

. . . I C
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