
whatis theruntime ofthefollowing
argontum?

di

①function f
operations on implicating

# ofprimitive

② "best"(smallest) g
s.t. f=O(g).

q

if i<3 dofor "at- to do *=n Dsum =sum+10(1)

n times

f =0(n)

M ↑

we do3If =2n +n =

nB operations

En -2n

i =21,23



AsofRecursive Algorithms
Factorial problem: 5!=5.4.3.2.1
input:ne20
output:n! =n(n-1)(n-2)... 3.2.1

solution:an algorithm in pseudo code

fact (n):
ifn =

1then] & primitive operationsreturn
else
return n fact (n-1132 prim. ops.

whatis its worst-case runtime?

ideas:look attherecursion free.

Bettheontree for a recursive

algorithm Ais a tree thatshows all
oftherecursive calls spawned by A
on an inputofsize n.

recursion tree for fact (n):

⑪ C

↓ this recursion tree has
n "rows"and 1 "Column"

⑰ C

f =(n - 1)+d =0(n)
↓

⑰ C

↓
·



② C

↓

⑪ d

↑

idea #2:use recurrence relation.

LetArerelation is a function
T (n) thatis defined in terms ofvalues

ofT(K) for K <n.

T(1 =d, T(n) =2 +T(n - 1)
M
base case

How do we find theclosedform solutron

for TCn)?

- iteratethesolution afewtimes
-make a guess aboutthe formula
- prove using induction

T(II =d
T(z) =c+T(1) =c+d ↓ I

T(3) =c +T(z) =c +(c+d)
=2c +d

T(4) =c +T(z) =c +(22+d) =3c +d

guess:T(n)
=(n-17c +d.

prove using induction. (n-1)c+d
=0(n)





sorted awayA
x A

i
-

>

- !
E

-
recursion trees:

⑪ d
each call takes a work

↓

⑭ d log2 calls.

dlogch +2
=

0 (logn)
⑭ a

↓

· d

⑭ d



⑧


