
 

Leap

Huffman's GreedyApproach 1952 build the treebottomup
1 Make amode with 2 childrenleafnodes for the two

lowest freq symbols Y z
2 Replace y z with the metasymbol y 0.1
its freq is the sum offreqofy andz I3 Rinse Repeat until we have a single
metasymbol it'll be the root of the 25 0.1
huffmante



Pseudocode

Huffman s

1 If 151 2
2 Returntreewith rootandtwoleaves
3 Let y and z be

lowest freq symbols in S
4 S'S
5 Remove

y andz from S
b Insert new symbol w in s w fit tytfy
7 T Huffman S

8 T add children y andz to leaf w in T
9 Return T

Runtime Tin T n 1 off tint one
Optimization use a priority Queue with

Insert ExtractMin O logn time
Covered in CSCIUA 102 DataStructures

Implemented w Heaps Binary Binomial Fibonacci

Step3.5.6 takes Ollogm time
Ten Tin 1 Oflogn Tin 0Intofn



1 Correctresstimalityfuttman

Claimed ABICT ABLCT fw
Proof T vs T int w is leaf

in T w hastwo children

fw fytfy 888
depth Iw depthly 1 depth z 1

ABLE Is todepth A

fydepth.lytfzdepth1z tIyzfxdepth A

fy depth Iw 1 tfgdepth.lu 1 t

flytty depth w 1 I
fwdepth w fut I
ABICT In

Claims There is always an optimal prefixcode that
have the two lowest frequencysymbols as siblings

ProofSketch Mustbothbe on the lowest level
reordering in the sameleveldoesnotaffectoptimality



The Huffman gives a prefixcodewith optimal ABL
Proof Induction on n 151

BaseCase 2 2 ABL is 1 triviallyoptimal
Ind Hyp True for n 1 Symbols
Inductive step

By Ind Hyp T for s S Xyz Ufw has
optimal ABL sine S n 1

Assumetowardscontradiction T is not optimal
T sit ABL T ABLIT

By claim 2 T where y andz are siblings
Let T be T with y removedandparent

labeled w

By Claim 1 ABL Tt ABILTY fw
ABLLT ABI T Fw
ABL F ABICT

Contradictswith T optimal



2Graphs
G V E
vertices Edges

I
0

undirected directed

a b c d Vela b c
E a b Laid bd kid E flat b c ab k.at
unfdered

pairs orderted
pairs

Emilogynotations

n lvl.me El
Degree of a vertex u ofedges connected to u

deg u

Indegree of a vertex in edges into a

IVW vWEE
Outdegree of avertex n edges out of a

Path sequence of nodes edges from one node

to another
eg aid f c e Cad dG b c c e



simplepathi.ae path w o repeatingvertices

eg ad b c e is simplepath a b a d is not

Cycle A simplepath that startsandends at same
vertex

e g a d b a

Gis connected if there is a path b w
everypairof vertices

amino Iiit

Applicationsof Graphs
Google PageRank

Facebook social graph

Maps
Internet traffic routing

ManyMore



Graphophentions

AdjacencyList
YEEE

Array Adj of IV linkedlists Y
one linked list foreachvertex in
In eachlinked list Adj in stores Fdj
u's neighbors

Adjin NEV CUNEE
Default Representation

Space IV IEI

AdjacencyMatrix
vi V3

Wklv bit matrix
Atu.FI cnn.EE f.fr
Space V14

Good if IE v12 very fast for lookup
if usu exists


