
Algorithms

Recursion
C part 3)



Recaps
- HW2 due Friday

i by start of class
-

may work in groups
- cite sources if you use

them

- Office hours : Wed
.

10 - 4am
Thurs I - 2pm( or by arrangement)

.



Last week
-

!

Recursion A recurrences

A induction - same thing ! )



NextOne : Multiplication

In general ,
we Say this is

OG ) true → lies !

In reality :

How to

formalize
?

nested for loops
Runt me ? C 2 .

n - bit # s )
mm :

Ocnzj
0am )



Better : A trick :

( loma t b) ( lomctd )
= to

' mactlomcbctad )tbd

Example 963,245 a m=3 :

+624,197} -

=(103×963+2457603.624+197)=10%3/96311624

)t
103 (245×624+963*197)

.  
-

-



Make this an algorithm :

Mcn )

}
+

off -

.

M¥7
MCE ) -

a

MCM -

"

MCM

*
Runt me :

M ( n )

⇐
OCD t OG ) t 4M

.

.

.

t OCD
= 4M (E) to

YES nlogba = nkg24=hz

Mcn ) -
- Ofi )



Hrm - not better after all . . .

Another

#Ek¥
multiplications

bctad

ac¥tbD
Huh ?

-

Recall :

( 10mA t b) (IomCtd )
= 102 mac

tlomfbctad
) t bd

a → JI
4 mutt

.

Conclusion : black
magic

:

using algebra ,
can do

3 multiplications a Get
result of 4 !



New a improved pseudocode :

A
.

→" "

¥ .

Analysis .

da b

MTnt-3.ME#oCDfCn)=OG

)

to nlogba = nlog③
between

!
I - 2

Mln ) -
- O log - 3) Er Oln

"



Somecomments
- In practice ,

done in base 2
,

not 10
.

- Actually ,
this can break down

even more !

If we apply another recursive

layer , can get Ocn log n )
eventually .

( Ever heard of fast Fourier
transforms ? )



Lineertmeselednonhrst
: Quick search

Idea : Modify quick sort
,

but don't recuse on

both sides

I
X Idea

.

E : End④element.cnorted order ) from :&
.

5 11 26 9 I 7 4 80

④3 5 It 6 9 2 48



Runtime :

Well , depends on pivot !

Ideal case :

divide in half

Qln ) = 0¥t Q CE )
= n that It -

- -

= I Ee  -

- O Cn )
Worst

casefstf.int
fast

Q In) = OG ) t QCn - I )
w

-

- n 2
"



Improvement : Need a good enough
pivot !

Median of medians :

" MOM "

Divide into blocks that are 04 )
100 98

Size :

3 9£ o -

o
.

o_Oof
.E

¥⑧g¥g
Ente medians

Compute med can of each bybrute force

Runtime so far :

blocks of site gn K blocks

OCD .cc#btodcs)
= Ocn )

Then
,

recuse

,
& find median of
medians

.

Why does this work! ?



Claim : MOM is a good pivot .

Why ? Well
,

we've chopped
the n elements into

Megroups
of co

Say c- - S :

median is

¥0 of
his

nowhk
blocks

,
each holding a

( Ys
,

each w/ 5)

The median of medians
Is I at least I
elements in large array



Runtime :



Next time : Back tracking
( reading due as usual over

2 introsectors )


