
Merge sort

Given array All -
in]

.

Goal : rearrange elements
of A so ACMEAGTE.ie/tln]

1) Divide input array into two

su barneys of equal size .

2) Recursively merge sort
"

each

sub array .

3) Merge the newly sorted subarrays
into a single sorted array .



If net
,
to nothing .



Merging : -think- recursively
1) Pick first element of
A- as the smaller of
the two sub arrays

'

least elements .

2)
"

recursively merge
everything else !
-might write this
iteratively



f f
sorts A

merges Aclu . mist

A [mtl .in]
,

assuming they
aresorte_d-



Lemma : Consider any iteration
K of the first for loop
linoluding kin +D. Assuming,
te je mtl ,

mtlejentl
,
and

mtl - i + ntl -j = ntl - k
- p - y 7
size of sizes sit of

•

ACi.cm] of ACj.vn] BCK.in]

Then remaining iterations
de copy Ali .im] TAC ; .in]

to BCK.in] in sorted order
.



Apply lemma for Kel to

prove we merge correctly .
Proof : Assume for iteration

K
'

with K
'
>K
,
the lemma

holds for K !

Note : Intl - k ') - Intl - K)
t

# iterations

remaining



If Kent)
,
we spend 0 iterations

filling B. cnn.in]
.

0
,
W

,
Cotherwise) :

if jam
, array Aljnn ) is

empty
(there are no

indicia between
wtl ten)

,

so min /D- ( iv.em] UACj.in))
is A Ci]

We do assign Ali] to 131k¥
t by I. It . items KH to ntl



merge A [ ietl.omHBlj.in)
into BCktl.in]

aw . If i >m
,
we should take

D- I;] & do so . By IH
,

Wp mergp A Cui .. .mn?ACjt1.nn]
to BCKH.in]

.

oow
,
,
if Ali] <AC;], min is

Aced
.

We take it t copy
the rest by induction.
QW

. Ali] ZAC;] . We can
take Acid

,
our induction

.



Theorem : Merge sort/Acland
sorts A.

Proof : Assume it works on

arrays of site K when

Ken
.

If net
, nothing happens .

Richins ion Fairy does sort
the sub arrays by I. H .

'

Previous lemma implies we

merge them .
Done .



Quick sort :

1) Choose apivot element from
the array .

2) Partition array into three
sub arrays

a) elements apivot
6) pivot
e) elements >pivot

3) Recursively quicksort
subarrays at c.



9
sorts A T

p : index of
pivot .

Returns new

index of pivot .
( its rank)



Partition : In iteration
ie : 0Elsie

.

All elements in A [ I
. . I]

are less than pivot Acn]
.

Elements in ACIH.ci]
are 3 Aln]

.

Theorem : Quick sort (Acton))
sorts A.

Proof : Assume QuickSort works
on arrays of site K when
Ken

.
If net

,
we do nothing✓

ow
.
We part ion .

IH ⇒ we sort



first & last swbarrays .



Divide - and - Conquer
1) Divide given instance into
several smaller independent
instance#Épem .

2) Delegate each smaller
instance to the Recursion

Fairy .

3) Combine solutions for
smaller instances into one

solution for original instance .


