
Lecture 23 - Nov. 28

Recursion

Recursion on Strings: occurrencesOf
Recursion on Arrays: Call by Value
Recursion on Arrays: allPositive, isSorted



Announcements/Reminders

• Lab5 released
+ Required study: Abstract Classes & Interfaces

• Learning resources on Recursion
• Exam Review Sessions eClass Polling
• A tutorial session on recursion: 4pm on Sunday
• ProgTest3 results to be released on Monday



Recursions on Strings

Number of Occurrences
“abca”

Palindrome

“racecar”
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Problem: Reverse of a String r(abc)
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Problem: Number of Occurrences "tail := "
a head tail
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Say a1 = {}, consider m(a1)

Say a2 = {A, B, C}, consider m(a2)

Recursion on an Array: Passing new Sub-Arrays
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Say a1 = {}, consider m(a1, 0, a1.length - 1)

Say a2 = {A, B, C}, consider m(a2, 0, a2.length - 1)

Recursion on an Array: Passing Same Array Reference

onerangementsa
in the current--- method call
3call by value 0 -1 = - 1 1/

from to

↳ base caseIt I I
~ ~

m (a2
= 1 , 2)

↓
a 1 i /E m(a2

,
E
, 2)

↓

basecas m(92 = zaz)



Say a = {4,7,3,9}

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

Problem: Are All Numbers Positive?

Say a = {}

Say a = {4}

DP(X) = Twe] there'snowon
a

Ex P(X) = Fake]
there's no witness to show

some satisfaction
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Problem: Are All Numbers Positive?

recursivepubli - helperenod
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from from +1 to
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Tracing Recursion: allPositive

Say a = {}

allPositive(a)

allPH(a,0,-1)

I



Tracing Recursion: allPositive

allPositive(a)

allPH(a,0,0)

a[0] > 0

Say a = {4}

I

I



Tracing Recursion: allPositive

Say a = {4,7,3,9}

allPositive(a)

allPH(a,0,3)

allPH(a,1,3)

allPH(a,2,3)

allPH(a,3,3)

a[0] > 0

a[1] > 0

a[2] > 0
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Tracing Recursion: allPositive

allPositive(a)

allPH(a,0,3)

allPH(a,1,3)

allPH(a,2,3)

a[0] > 0

a[1] > 0

a[2] > 0

Say a = {5,3,-2,9}&
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- non-ascending ?

non-descending i j
GE]

! a[j]

= (a[] ]a[j])
= aTi] = a[j]



Problem: Are Numbers Sorted?

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

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

Say a = {}

Say a = {4}
from

isSorted (a
=
0, 3)
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Problem: Are Numbers Sorted?



Tracing Recursion: isSorted

isSorted(a)

isSH(a,0,-1)

Say a = {}

I



Tracing Recursion: isSorted

isSorted(a)

isSH(a,0,0)

return true

Say a = {4}

I

I



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

Tracing Recursion: isSorted

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

isSorted(a)

isSH(a,0,3)

isSH(a,1,3)

isSH(a,2,3)

isSH(a,3,3)

a[0]<=a[1]

a[1]<=a[2]

a[2]<=a[3]
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Say a = {3,6,6,7}

Tracing Recursion: isSorted

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

isSorted(a)

isSH(a,0,3)

isSH(a,1,3)a[0]<=a[1]

a[1]<=a[2]
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