
Transitions :DS+Algorithms

Tree-based
data structures



Trade-offs List vs. Array/Vector-
A Vector : O(1) access

+ push at back
~

B) Linked : removes/ insters I
- O(D

OG vol: ↓ time
= ⑰vS M⑳O(n) e

c) either i

d) equally bad : O(n)



Skipped : Stacks
&Queves

-

push a pop
-top

add to⑪
push

II"top
--T pop

: only O) TDII
M remove
-

from T ↑
I "top" front back
steak Queues

add to back

ol)/push, remove from front



Is:

If : A tree (in data structures) is a set

ofmodes which store elements in
-

a parent-child relationship.

Anyfree has a special uppermost mode

↳ called the root
-

Each node (except the root) has a

·
root

unique parent. I

Note : Not quite the some as inT
connect + no cyclesgraph

theory !To
It&

↓



Moredus
· child/parent ef
· sibling : common parent

d %
· leaves : no children

· rooted subtree
let· internal nodes : not a

spenf, Vs
: descendent/ ↓ take al
ancestor decedents



Prachelexampparent-child relationsa
Crather than linear

· File systems :
C : Documents/classes)--

· Family trees : ancesby
· Parse trees for sentences hous =orequ

I

-132i-TzS



A general free implementation :
Usually pointer based

X parent pointer-

object Value +depth
+ hoght

End L
listof pointers 3to children

S

Plus global variables
:

des⑭Size :
# of no

root : entry to tree



tree class E
global root ⑭

-

↓
root P T
insert (ral) &It

D



BinaryTrees not Call
un

- Every mode has -2 ⑧ lefe
children :

,
camp

00 O
-> Y

Fulltree : Completefree :

Every node has Every mode has
or 2. 2 eexcept perhapslowest level,

which fills left

% to right. &
do O O

dbddo -do



Deptha Hught :
Both defined recursively . "I

70

depth (r)=0
-

depth (v) = depth (parent(vt 10001
25 ↳2

height (leaf)=O
height (v) = mayCheotvs child t so

gl- childen - !"-

usually :
included node?

↳ often
save in

to compute : O(n) worst case



Implementation :
· Pointer based : 3 pointers
-

4parent class Nodes
value

⑭ htleftprig parent
left

night
weight

· Array based : less space B

· pervalueAs1)

↳2
116⑥ left(v) = 20 +1

+(v) = 2v + 3
Oli rigI I J⑭Di parent(v) (E



Ab Linked :

traversit

D jumps
14

memory
pressor ↓.risi



Potential downside of array :

Space ! sparse
Gree EConsider : =

-
How big? V nodes

so use linked
G O(2") space

free



detreetraversesenty pos
is
root

starting at root :
Preorder (v) = (print) preorder(root)-

-visit V
-Preorder (v+ left)ipercorder (vtright) root
-

root
↓

↳us
⑳Y ↳ echambe2

A
-

↳ nur⑱ -
I ↳ classes*other L other⑭beD

E If ↳ bin

&ses ↳ IS
www

↳ ad
Y



In order (v) preorder
:

Inorder (v-left) +5 - 7 z
visit v (63)(print) Inorder (v + mg ht) *v = broot #

⑦ *
Ex : - C #

X⑪ ① -

⑤ &⑮1.a / Eb① ②

traversal : (57 - 2)+(+3)left right



code + operation (inputt , input

E
ty



Postorder(v) =

post order (v -> left) why??

post order (ve right)
visit V

↓ neght
: ⑪
X print :

46
,

9
,
5
,⑭Ag 2

17, 14 , 19,
↑

d + 4/yX)T II
⑤ ⑰ Leight( v) =

leftt height(ve let
right - height (veright
return max((,r)+



We'll see two tree based date

structures :

First: Binary Search
Trees

A binary tree where we
have a comparison

operator on data ,a maintain the

node ISfollowing :
· The value at any2 its left child,
and < its right child.

E :

, 20⑳
↓↳⑪ /

⑪ ⑳



Assuming
this data

,
how can we

search for a value ? roof= v
↓ val = 100

find (7) ⑧ vall = I
X Ypreorder-ish >

↳ gPseudocode: g
find (IS)Search( v val) :I

basecoe
:

if vedete = value
fleaf- return true 5
I val=

Vedals
else

rate If va13 vedate

[ search(veright, val))
else
search (v-left , val)



Comparison to lists/vectors :

Linear search : If unsorted

-DIS O(n) time

j
nur

Binary sech
: sorted vearT(E)MI T(n)
/ ↳ logI
chic middleOllogz()

In tree :
-

fraveses a
root to leaf path

O(depth (T))



Reading :
More on BSTs

,

a well as

"Balanced" BSTs.
-

14 next
Then : Heaps & Hashig-
- week


