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Reversal
“abcd”

Recursions on Strings

Number of Occurrences

‘a’

‘b’

“abca”

Palindrome

“racecar”
“aracecars”
“raceacar”

“abcd”

isPCacecal)
↳
Fer &2 isPlacesa)

ex



Problem: Palindrome firstChar lastChar

↑ I
↑

isP(abcba)

a : fa &isP()
=

T

⑪ 6
ex. isP) vacecar (

ex . isP(racebar)



Recursions on Strings

Number of Occurrences
“abca”

Palindrome

“racecar”
“aracecars”
“raceacar”

“abca”

Reversal
“abcd”

isPCacecal)

excC)"abca"s 'a')
↳
Fer &2 isPlacesa)

reverseof)
" Stricteraproblem ox) --G)

↳ 1 + oc(b(a)

bed + "a
xx) --'b')
↳ 0 + o (b(a)



Problem: Reverse of a String r(abc)
/

D r(62) + "a"

/

+
"

head
D ↑

tail

S-

↓ reverse
Of(tail)

E
57



Problem: Number of Occurrences "tail := "
a head tail

Y X
s- 7
head = = c -> 1 +

*

*

= head != ( -> Of
-> - O I

OCC (Gsb)
-> -O 4+

+o
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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
~

- 99

X - an...
Isubve -- .

as

↳ recursivesall

aneveShinysmaller arg a(12)-

↓

31c

time&spacena ·2)
↳ bast case # 2



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

-> Glength
- I

allP(a
,
0
, 3)

0123

↳90] >0 allP(
,
1
, 3)=

-ftos Rits



Problem: Are All Numbers Positive?

recursivepubli - helperenod
o

private

from from +1 to

a- DI I

78



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}&

I
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Short-circutsectiontrut
: False
Do & bypassed



- 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)

00
:

aTo] < aT] & isSorted (Gs 1
, 3)



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]

Of

I

-- -
&

/
bypassed

6 = 5

Ede


