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arrays31 linkedlists order

trees hierarchy

root topnoparent root
child I
parent parentleaf 2 4binarytree

dptor leaf 3 6 5 8children

trees are recursive subtreerooted 2

eachnodeisatree

pointerbasedimplementation

typedef strut intree intree t

struck intree
intral
intreet left
intreet right

intreet makenodefintral intreet left
intreet right

intreet txt intreethmalloefsizeoffintree ts

t Val val
left left 4

t right right 7 Tr v
return t 2 3

D E f T
intreet txt makemodel4 I 5

makemodel2 Null null f TEE 7
makenode13 I
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nde f s 1

empty
bool isemptyintreet t

return t null

leaf
bool B leaflintreet t
return t left null 31 t Bright null

getvalue
int get.uarintreet t

asserthisempty
return t Val

intreet left.intree t t
assert is emptyrt
return c left

intreet right.intree t t
assert is emptyrt
return t sright

bool ismember inttreat t intral

I fi i e ii ii

int countrinttreat t

iffisemptyrtD
returnO

int left court'tsleft
intright court't left
return left1right1 I



void freetreelintree t t

iffisemptyrtD avoidreaching
return into childrentree

freetreett left
freetreett right

freelt

void getdepthlintree t t longestpathfromroottosubtree

assertfl.isemptytD

if f is emptyti depthcanbeedgeor nodes
return 0

int left depth getdepth c leftintright depth getudepthft right

if left right
return left 1

else
returnrights

Pait2
Treetraversal

Depthfirst startingfromrootvisitallnodes in'dbranch
Breadthfirststartingfromroot visitallnodes oncurrentlevel

Depth Apreorder ABDECFG
inorder DBEAFCG B C
postorder DEBFGCA

void preorderprintlintreet t D E F G

iff isemptyrt
return

printff e val



preorderprint t left righttype

preorderprints t night
closer tobasecase

void inorderuprintlintreet t void postorderuprintlintreet t

ifl isemptyIt 1 iff isemptyrt
return return

preorderprint t left preorderprint t left

printfr e val preorderprint t right
preorderprint t right printfr e val

Breadth
levelorder ABCDEFG

A
B C

D E F G

let'smake aqueue
collectionofelements wlimitedoperations

createempty queue
Enqueue element attackofqueue
Dequeue elementatfrontofqueue

typedef strut queuequeue t

struct queueE
intlistt
intlistt

front
back

inHistt neonode

queue t createqueue
int dequeue



q
now toimplement

instead of a queue w intlists weneed onehinttrees

afterprinting a tree weenqueveits children deguevethat tree

A
print t

AE B C

printB

C DE A
B C

queue t of createqueuerinttreet curr t D E F G
if f is empty t
return

print arrival 7
if I isemptroom left
enqueverg curr left

if1 isemptroomright
rightenqueverg curr s

Corr dequeuerg

Pert
BinarySearchTree CBST

valuesareunique
valuesin leftsubtree arestrictlylessthanroot
values inrightsubtree arestrictlymorethanroot

left right are BSTs

9
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how dowefindif somethingis intree
can now pickwhereto go if node f value

canasknode 2Value or nod aValue

bool bst lookup intree t t intral

iff isempty t s l
return false

if I t val val
return true

if It val val
return bst lookup C left val

if I t val L val
return bst hookups c right vaTP

unnecessary

inttreet insert intree t t intral

ifI isempty it 7
return makenoderval null null

if I t val val
t left insert It leftval

else if I t val L val
t right insert It leftvalelse
ayo thissnitalreadytheredawg

return t

removevalue
leaf removeit
ifvaluehasonly 1 child copyvaluefromchild31removechildifvalue has 2children copyvalue from inordersuccessor deleteinordersurlessor

inttreet removenodesinttreetxt intrah

ifI isempty it 7
return t

if l t val Val
t left remove nodeft leftval



else if val2val
t right remorenode t leftval

else E
iff is emptye lefts only 1child right leftisemptyinttreet temp c right offfreert x
return temp

if I is emptye rights
left

only I child left rightisempty
inttreet temp t s 61
freer1 Fob6return temp

inttreet temp minvaluett right
t val temp val
1 right removenodeft righttemporal

3
returnt

more
binarysearchtree BST canbeunbalanced o us balanced 0 80

badlookuptimes

a
8

q
000
d D 3

f e

inordertraversal 2 3 47 8 9 11

int courtnodeslinttreet I

iff is emptyrt
return O

intrigant III II'igtti
return steefttright



inttreet balance iuttreat t
T

intcount courtnodesrt
int a int Imalloc sizeofRint count Da index DoD
int index 0
makearrayft a kindex
return makebstra 0 court 1

void makearmylinttreet t int a.int ndexptD

ifLisempty It 1 index Ptr D2return i D fussrevaluedtreeI inordertraversal
Makearray t left a indexptr
a indexptr t val I 2
indexptr L fmakearray t right a indexptr at

0 court I
inttreetmakebstfinttxa.intstatintend

ifstartend
returnnull

int middle fstarttend12
inttreet txt makemodela middle nullnull

I kigftut mmaatE.bgfa startmiddlega middlett end D

return t EE 02 4 8 11

full binarytree allnodesnotaleafhas 2children

completebinarytree alllevels exceptmaybelastfilled allnodesin lastlevelaneleffjustified

minheapsbinarytree 1
complete TQ
uniquevalues
valuesin left rightsubtrees strictlygreaterthanroot 11 to
left rightsubtreesareminheaps



maxheap
complete
uniquevalues
valuesin left rightsubtrees strictlyless thanrootleft rightsubtreesaneminheaps

cooloperations addminheap removemin isempty

let'sadd 6
2TQ

bool is heapfintreat t

if Iisleatrts
return true

itf is emptyc right norightkidsonlyneedto cheek
return c leftnai ft Nal leftvalue

if f leftsua val old ft right val ftNal
return is heap t left doe isheapft right

returnfalse

add 3

i r
no 9 5 flip3319

add 2 TO TO

goof
sifatuepaateapwjnmao.gg

11 13 10 12 i i

putinto nextopenslot



Heapsastute
min heapis a BST complete31 childrengreaterthanofde

y
Mr Iremove I
OF siftdownto smallestvalue for10313

A qtr again for1087

i
x

heaps stored in arrays
levelordered

a
n r

I l s l s l 7 I 8 I 6

int val a Ci
int parent a EliD 12 truncationhelps

gint lchild a 2 its val Windex4parent4412 72 1
int rchild a 2 12 a IS or 5 toooo

somehelperfk's
voidswaplinttxa.int b

int temp a voidprintheaphutheapEI.intsize
a b
b temp forAnti0 iesize itt

printffKd heaped

void siftupfintheapE int size intiudex

itsindex O E
return

int parent index 2RiffheapcindercheapEparent
swapreheaplindex theapcparent
siftupCheapparent



void insertlintheapE int size intindex

size size I
heap size Is val insert endofarraysiftupCheap size 1 siftthatMfup

voidsiftdanlint heapE int size intindex
makesure wegotspaceinheap

int Minindex index
int left indeati
int right 2 index112

ifI left size
ifheapCleft 2heaplaninindex
Minindex left

iff right sizeif I heapright cheapCiminindex
minindex right inearlierexample

5 6vmins
if Minindex index 31gumin3,50

swapNOO

void removemintintheapCI int size

int last heap size D
heap203 last
Size size 1

giftdownheap size

void buildheap

for int i sizek i 7 0 i
siftdown a size

moreheaps

void heapsortfintheapD intsize
forfinti size 1 i o i I

swapI Rheap Rheapsis
sift downCheap i 0 I



priorityqueuequeuewith
everyelementhaspriority
elementsWhigh priority degueued before elements atlowerpriority

dictionaries mapskeytovalues
tunigue

Set storecollectionofuniquevalues

howto implement
linkedlists

easy
but lookupistime proportional tolengthoflist
but adding keyvaluepairs takestimeproportional lengthoflist

binarysearchthee
easy
addingvalues isprettygood
butlookuptimeis proportionalto heightoftree

hashtabled

hashtables
goal addremove queryinnear constanttime

idea trade space fortime

Ackey item

spaceofarray
needslot foreachpossiblevalue keyaldtake

whatifkeysare integers strings
Mayneed arraylarger thanmemoryof computer

onlyneed arraylargeenough toholdmaxnumberof items stored sometime

AChashikeyD item
hashkeyD r hasntkey2 if key key2
O Ehashkey LN awaylength

collisions can happenw rare occurance



ppen

suppose wehave1000 spotsin A
hashrkey I keyto1000

niceif uniformlydistributed

stringkeys 41000spots

hashcodeshoulddepend onentire inputkey
outputshould lookrandom

int hashichair si tf J
int u 0 fo
whiter s prime q
h h 37 t int stt
he hToHASH SIZE

2handlesofcollisions
linearprobing petiteminnext availableslot iforiginalslotis occupied

seperatechaining keep listofitems ineachslot

Is I c l k i f l I I E I E I E I E I f
insertW hashlW 3

hasnt x D2
hashi Y 4
hushl Z D2 3 4 S V

lookup 2 hash Z D2 whatabt3 K 5

lookup It9flashl H D 2 3 4 5 6 X D Hisnotin hashtable

insert it hashlA l D 9
hasnt B D 9 add1 modrsize BO V

insertrest

insertG hashlGe 6 infiniteloop growarray
or ifwegetbackto6 saynothere



s p g I ge l

removeW1 hasntW 3 buthowcan'tfind2
don'tremove markisdead 1

limitcollisions
moveaslookup
rehash

Morehashtables

separate chaining Dbuckets

I l I 3g I
s
I
b
l
7 8 9

insertW hasntW 7 3
hasnt Y 7 4
hash x pz
hash Z z

lookupf tooKopi F 2 F is notXor Z eitherinbucket2ornot

remove W hash W 3 takeat W putasterisk bucketdon'tneedtombstone

howtoimplementbucket linkedlist

longbucket usegoodhash f

rehashing
defineloadfactor as avgnvm ofentriesperslotif itreaches specifiedthreshold create largertable hashalldataintoit replacecurrent

bonusoption keepold tableforwhile graduallymoreitemstonewtable

Graphs
graphshave vertices nodesrepresentingentities

graphshaveedgesto represent relationshipsbetween2vertices



YPGdirected linksgooneway notreciprocated source sink
undirected alledgesgobothways

weighted eachedge has weight signalingstrengthofrelationship
unweighted relationship strengthsareequal

researchers co authored atleast 1paper
undirected

can beweightedby of papers

adjacencymatrix
let'shavean N N matrix

A B L D E F
A 0 I l 0 0

B l O I O l
F C r O O l r o0

F 0 I O l 0

tableis symmetric

if it weighted putvaluew

if directed it isnot symmetric

A B L D E F
A

E B
BO D d DEO c l
ly f p O l O O O I

E
F

Adjacency list list
A BC
B A D F

I c t.DE
O D B GF
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forweighted havetuples
A B 2 I C L


