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Comparison based sorts's ↳ Sorting order is determined
-

based on comparison between ilp element

Can I do better than Odland inthe worst case?

If it is not possible, can I psene.TL#as
a

lower bound?

Comparison model

→ All ilp items are black boxes (ADT

→ Only operations allover use comparisons
↳ s
,
> s3⇒

a

binary yes Ino answer

#



- we only charge for comparing
→ You can't use anything related to one single value

→ mangy # of digits, - -

Searchers - recede ) f Feinman any elements

Sorting - r(nhgn ) I company two
element]

Binary Season z to search
-

-

-

AID AID

n --3 f¥¥aesB "
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ATD AED AED
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* if I can figure
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:*.ms/r:::.de;::oomsa.E@?o:etne.:;::root- to - leaf palm algorithm execution% Yet know the worst -

case run - time
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(Noth a leafy

Mnm's time

worst-case
% Yes mf yes

runtime ? nsn FEn) ¥4
⇒ height of - Binay Bee

they
b exhaust're options t¥⇒⇒ -



Season's tower bound - sleeps in the worst case

b n items
- -

-

Proto 's to
prove that the height of decision bee

is atleast begs Allegri

Binary Tree with In leaves . Come for each answer)
Height of the tee }
-

f
→ need

f. Recap: Binay Tues :
three proved www.casee for nitens- theT

*me completing the heinie sites



Sorting lower bond

Searching frosting

"""" "d.

, , \ yes

leaf nodes T
-

AIDSNEAT.it# /AEAt¥
an answer sorted ondes

Arab : Make enough composing such that by the time

You reach leaf
, you know final sorted order



→ Ahe tower bound for comparison- based sexting it

Idnbgn7

proofed Decision Tree is binary
- -

feat. Asthma -te the height
↳ Estimate #of leatnodb

Searing : . How many possible answers? In

forty : - ? Pach possible sorted
order will denote a

leaf node .

A leaves a # -of possible answers
z NI



Heim - rlly In:D
-

les ni. =

i
?.bg :
n

Z E leg :
i --Matt

=
me.BE

= nausea was:p::{mini
"

V

Heisner z nzbgnz = b( nhesn )

↳



Are these examples of non- comparison basedsorting?
e-

→ Integer sorting . ↳
Cathey achieve

Tinder certain restrictions
beker than rlnhgnt

→ linear- time

- You're sorting integers
- Assume that the nitens that fellas sorting ass

in nage Lo
,
- .

K -'3

a can do other things
, compare, add, subtract, - .

K= Old
>
we ca sort in 0cm - time



At) G t i 2 2 00 34 1 5 29

Biking (na 'D what 'll
you do ?

O -9 (x - ro)
K -
-off range O

- - 9

find out # of O 's
,
is

. -
.
98

w" declare an array of size K GET
output

°"3459 →
I tore'=o→k-1

ces ¥i¥I incise .

point i

for is oak -1 Farese ihre fill this ceil times

c. Eiko Ari = '→ none Aqizjtt



Complexity olnxkl
K -- Old linear- time

sorting
Sub'¥int Is Generally

,

when you are sorts each item

has a key ( for sorting) g but i
'
- car have other things

as well .

Sorting on an spreadsheet

frame, Roll No
,

.

.

Castes
key Entry

Student
when two or moose students have theSanae marks

,

which one 'bd appear before ?
→ preserve the initial order



Abra him 3£ Mohan 23

Bish al 27 Bienal 27

{Chinoy 27} tong Ching 27

,
I

- Abouhim 38

Mohan 23 -

Starting E→ A softy that ensures That fo, keys with the
same value
,
the order of the key in otp 's the dams

as in the ilp array, is called stable sorting.

I? Important while sorting on multiple fields1kg
hell no
, age, .

- masks]



How do we use this concept in country sooty

§: an array of n elements which needs to be sorted Wrt

a tried
, key

.

We impose asestniation That this key
value lies between oleo k - r
-

rage .

Use an array 6 of size K . E integers]

Suppose I want to write output in
array B.

( fi] stores the # of elements of A win the key value :

→ Modify 6 such that while copy's Ab B
,

GED Stores the location where the next element of S

with key value i ish be copied in B.



fluff rarity Acy→ BID ( sorted array )
A-Oln

)

1A T make use of 6194

QB

OB C Eid tells where the next rate in A

1B won't beplaced ( in B)
06 ←

:D. a- area. . o.es#3::::iEIza.cie
on

a

op CRIT : ⇒ times i occurs in A cage .- cti-D
→

QR At what location (in B)
,
the next O int would

go
to ?

25 →O

is - I- ?
OS → t

- 2 →
go



A
- Modify CET butch that CCD stores location limb)

1 A -7
- where the next element of f w ' 'm key I to be copied
2B -7

OB -7 -

' BT f %11pln.ly#beupdated7I-BT
069 $641312114 8$ 1*12/13
OD → OB 06 OD 0150M of os 1A IB IS 2B 2h25
ok -7 B O l 2 3 4 5 6 7 8 9 10 in 12

om -7
-

op -7

gps →
a Amercement Chi] when you copy a second win key i

↳ → Verify that itgives a stable sorting
is -7

-

OS -7 Complexity f Oln? folk ) = Olntk)

if K : Oln) → linear time sorting.



K -

- Olney

9 keys I to E
K -- Olney

array of sizes ' Ohne)
- - Notgood.

But you can modify that idea login a
dinar time alto for 01h23 rage

- - .

olnd) rage .
Radix Sort
=

K - 01h21 Can we still soot in linear time?



ht Abe an army of n integers
in the range

Oles n'-1 ( K=n4

Leverage on county soot
,

stable sort
-

An integer a in this sage can be written as

a a Agent do

d
,
= Lath] Ao - d, Nem n

Ao
>
a, t Lo

,
-

- n-B
-

rage . 's Oln )[
a . La's

wanting so?
-

www.llgl:
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E÷
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I do

I z GE
t SI Stable son- wog

- 26
- 26

ee £36 ×
→2%3×36sostwst 28

38 a . 38

MSD LSD 2. Sort wot do

Most significant ↳ feast significant digit
digit



- we first set the array of such pairs wot a. GSD)

-
Stable sorting wot a. (Msm

A, do

52 30 07
33 41 17

07 52 9T
41

fortune 62 30
foot Wrt

62 -7 33 → 33

27
A 75 a " 41

75 07 at

17 ga 52

47 62
17

30
47 75

HI LSD MSI



K - old → k= Olnd)
dig a constant

A- ( a> are
,
-
- ad )
-

courting soon- d.tim.es

Radix Sort

✓ OGI di. # of digits

He Oln " → Oln)



Courting Sort Radix sort

A- Oln ) K - Olnd)

Intel Olnd )

Buckets 65 Expected 0cm )

( even if underlying data is not integers )

* Put the elements of the ilp array Aof size Iink
n bucket (or bins) ,
- ↳ the buckets should be so

chosen to that each bucket seceive Of . ) element on

an average .



* bucketing criterion atsuery crucial .
-

which element goes in which bucket .
what will this depend on ?

→ depends on the assumption
ilp array

For " A of size N- g kegs . inthe rage 0*80 .
- in

reniformby distributed.

0-8 5g- individually.
gTt -z, it → sort each bucket

9 tmckd H-H - } each bucket would

! Set 047 elements

72--8 -

A buckets



- Sort each bucket individually
- Cote the sortied buckets

Fort 'T¥ *.mg
contents

Expected case worst case : -7 all elements inthe same bucket

→ Insertion sort (acned¥1 / hunting sort {merge sort Olnhgn )
( if integers)



Heape 6 Priority Queue ADT)
-

-
-

A heap is a binary tree with the following property
- Sanctus - value

→

Tin almost complete ) for any node u and its

binary tree. Ahn, all the parent p, oaI¥ Imax-head
levels but last must be ⇒ for any node,

-the value is larger
completely full, and tithe ) than any value stored oh the

.

last level, all nodes must subtree .

f.similarly for min -headappear to the left of
the empty position

tuning?!!
.



Ex . O -

④ t⑧ a- -
full

⑧ '⑧ L - not Aee

A heap of Max. level b contains

20
,
21
,
-

- 24 ' nodes at previous laredo
co
,
- .
eat

between a → 2b nodes at level l.

Because of this property, I car sepsesent heap using an

array. filled it any nodes from top't bottom

I left tonight at each level)



→ array roof first node

- - next level

- -
- - -

array start from a

n elements

1 N positions

¥100150125130127771
2-
T

ATB not

parent -5 Child child - parent



node at index is

Where will the left a gigue children be

located ? I I
21 2*1
- -

10
Tg ↳ Similarly, parent for anode at

20 O index E → Liz)
4. ¥¥y. - ⑧ °

- Heap tbeperty
8 Q .

-

- Represent any arrays



Priority Queue ADT
-

Receiving some jobs, each job comes

with a priority
( Maintain a queue for these items

.

- Removal accords priority)
-

find Jobs with the main priority

Operations Ceo
p .

find Max 's return the man value in the
list

priority &;?:÷:* : - Hmm

t.IE#Fene2axnae.llueneADT
-



•

±÷÷÷.t÷:÷/÷÷y÷÷:✓ OH 0cm ) Ign) -

H . But Heap of Noise given n elements &

you went la create a heap]
→ 2? better than

olnbgn7?

find Max AED
- -



Insert & DeleteMax
'

-
first ensure structure peoopertg
- Then ensure value property

p ⑧
Insert 1
- ⑤⑧⑤

'

⑨ Pnsertodooheap
⑧ '⑧ → ⑧

-

-

⑧ '⑧ go ③h⑧ insert (Ym, neumes

percolate the value up % swap this value with the pasar-
-

if heap property is violated . Continue this until heap property
is restored or the new value reaches the motif .



Maine complexity 6-2 Height of the trees
-

Almost complete

( ÷:c.÷a÷.
> Olton

Deleteraxoe-s r . Maintain stature property
2 . Value properly



3
*

⑧
⑧ '⑧

'

⑤
- X

Element at the soot is the Max value stoned ihthe heap ,

we delete it by copying the last element of the array

q soot e decrementing the size by t

⑧ n

⑤ ⇒ I
' '

⑧ '②
map

→③¥⑧'⑧



Placement at the root may violate the heap properly.
Anther case
,
we swap this value notte, the child hang

a larger value . continue until the heap property is
restored or you reach a leaf .

→ others complexity

Build-up
→ If elements come one by one

→ Exert one by Om
→ Ofnbgn)

→ If all elements are present together, we can do

better .
→ bottomry



20 25 30 50 100

⑨
leaf nodes⑧ '③- -

I n → LET
po
-⑤¥
Not a Max

- freap 1%1+1 to N
- -

loaf nodes

already#
from Ig to ,

ensure that the subtree rooted

at mode i is a Heap.
A



When you are an node
,

^
m.

n.ae/nwni::im...forfi--nz
; i - o ; ie)

taaxfheapity ( ten,i)
-

y
tnmalogoue f- Delete Max

1£, → And the marinated in the

heap £hkeap children (212in )

Compass veins say



if AfD < may swap with max

& call this recursively

Meapity⑧ ⑧
→ ÷④^⑧ . ⑧⑧'③
-
⑤¥

-

I
⑨④

÷÷÷:÷. ←

- Manabat



Mine complexity
M k
z
- - Max theapity
- &

⇒ delete Max
N Moder -

a
e. → Max level * nzbyn
2bsns-gbt-a.at

a given level K → d-most 2K nodes

tteaepity on a node at laned le → Ofbad time

b-a-
K reneging s Eff 'D -2

"

s

'

n Et EI'7h Ko ge-K
- I
did



e- i

n E GI
12=0 2e-

re

n -- E =

n .
F h
z -

h-1 2h
-

N

s n . -8 he
= 2n

had Rb -

-

-

S = Igt Fat Zzz t -
-

i

⇒ { = It fee .

-

- Sz = Ige + fast -
-

= II.
,

= I ⇒seem



→ Build Heap is of complexity OCI

n elements
→ czeate a heap in

0lrne

Insert Delete Max find Max Buidhe
Nbcsn aligns OCD Old

tegpfovtcog yfisst
we built heap from the array.

Then we keep on deletingthe main element

from the array of story this element inthe vacant



post created at the end ofttre cement heap

O

÷:÷:c:..
Heapof
sizes

n

Nt 8 bgm = mt legal.
m --b -

praised S mt kgn
"

newport
¥57

= ocnbgn)



insert Heap ( M, on
,
neural) f

}

tkapity Craine) Delete Max C )

d
Minded


