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A recursive method to show all number from n to 1.

o/ (int n) What is the time

1 complexity of
System.out.println(n); this method?
if (n==1){

return;
¥
show(n-1);
¥



A recursive method to show all number from n to 1.

oV (int n) What is the time

1 complexity of
System.out.println(n); this method?
- 1) ¢ Answer: O(n)

return;
b

nis reduced by 1 for each
show(n-1); €—recursive call until it reaches
) the base case (n==1)
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Recursion trees for calls to show.

Call show(4) Call show(b)
Total Method Calls: 4 Total Method Calls: 5
Show(4) Show(5)
4 \ 4
Show(3) Show(4)
v v
Show(2) Show(3)
v v
Show(1) Show(2)
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Base caseis 1

Call show(6)
Total Method Calls: 6

Show(6)

v
Show(5)

v
Show(4)

v
Show(3)

v
Show(2)

l

Show(1)



A recursive method to show all number from n to 1.

o/ (int n) What is the time

1 complexity of
System.out.println(n); this method?
if (n==1) {

return;
b
show(n-1); ¢ There are 2
show(n-1); recursive calls
¥



trees for calls to show. Bas

Call show(2)
Total Method Calls: 3
Show(3)

=

Show(2) Show(2)
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n trees for calls to show. Base

Call show(3)
Total Method Calls: 7
Show(3)
Show(2) Show(2)
Show(1) Show(1) Show(1) Show(1)

e complexit
???p Y

ecursion Trees

© 2023 Arthur Hoskey. All
rights reserved.




- Recursion trees for calls to show. Base case is 1

Call show(4) y
Total Method Calls: 15 levels
Show(4)
Show(3) Show(3)
Show(2) Show(2) Show(2) ‘S;VQ
Show(1l) Show(1) Show(1) Show(1) Show(1) Show(1l) Show(1l) Show(1) i
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- Recursion trees for calls to show. Base case is 1

Call show(n) \
Total Method Calls: ??? levels

Show(n)

—

Show(n-1) Show(n-1)
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Show(n-2) Show(n-2) Show(n-2) Show(n-2)

Multiple levels of recursive calls here...

Show(1l) Show(1) Show(1) Show(1) Show(1) Show(1l) Show(1) Show(l)_
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Geometric Series
s=ar% +arl + ar?2 + ar3 + ar* + ...

Geometric Series of the First n Terms
s, =ar%+ art +ar2+ar3+ar*+ ... + ar!

n terms

a — Coefficient of each term.
r - Common ratio between terms.

Closed form for sum of first n terms:

Sn ={ a(ll__rf) forr!=1

an forr=1

Adapted from the following Wikipedia page:


https://en.wikipedia.org/wiki/Geometric_series

Formula
s, =ar’ + arl +ar?2+ar3 +art*+ ... + arm!

a=1,r=2, n=3

Sy = I1*20 + 1*21 + 1*22|
I
3 terms (n=3)

Closed form formula:
B — a(l_r") for ri=1

1-r

an for r=1
3= () =1(35) = 1(5) = 17 =7



Formula
s, =ar’ + arl +ar?2+ar3 +art*+ ... + arm!

a=1,r=2, n=4

S, = I1*20 + 1¥21 4 1*22 4 1*23|
4termls;(n:4)

Closed form formula:
B — a(l_r") for ri=1

1-r

an for r=1
s = a(52) - 1(52) = 1(29) = 109 - 13
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Recursion trees for calls to show. Base case is 1

Call show(4) )
Total Method Calls: 15 levels
Show(4) 20
Show(3) Show(3) 21
Show(2) Show(2) Show(2) Show(2) 22
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Show(1l) Show(1) Show(1) Show(1) Show(1) Show(1l) Show(1l) Show(1) 23_

Time complexity | s.=1%20+ 1#2% + 1%22 + 1%23
n B 1-rn\ _ 1-2%\ _ —15) _ y
2 S4_a(1—r)_1(1—2)_1(—_1)_1(15)_15
2% = 16 which is approximately 15
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Mathematical Definition for Calculating
the nt" Fibonacci Number

Fn

0, fn=0
e fn=1

Fn-i+ Fn2, ifn>=2

T



Method to calculate the nth Fibonacci number.

There is a small amount of code, but it is not very
efficient.

int fibonacci(int n)

{
if(n==0]|]| n==1)
return n;
else
return fibonacci(n-2) + fibonacci(n-1);
s



3 (so n=3)
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4 (so n=4)
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Calculate F; (so n=5) Fill out the rest of the tre
with pretend nodes to mak
Time c’(?)’;r)?plexity it complete.
— - Now what is the time
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EE s (so n=3) Fill out the rest of the tree

with pretend nodes to
Time cozrrpplexny make it complete




Recursive Fibonacci Time Complexity

The recursive Fibonacci time complexity is generally
thought of as O(2").

A more precise time complexity is actually O(1.6").

For this course on exams and quizzes we will use the
generally accepted O(2") as the time complexity.
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