Discrete Structures
Fight for Survival

Dr. Mudassic Shabbir

August 27, 2026

ifu

Mudassir Discrete Structures



Groph Re_pre,se,n‘tod:ions

ifu

Mudassir Discrete Structures



Groph Re_pre,se,n‘tod:ions

4 representation is needed to:
-store groaphs in memory
-share graphs information

o

Mudassir Discrete Structures



Groph Re_pre,se,n‘tod:ions

4 representation is needed to:
-store groaphs in memory
-share graphs information

SRR

Alice We could Just share this picture?

Frank
Bob

Cavrol

Dan

Mudassir Discrete Structures
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Groph Re_pre,se,n‘tod:ions

4 representation is needed to:
-store groaphs in memory

~share graphs information
But it gets messy pretty Past/

SRR

Alice We could Just share this picture?

Frank
Bob

Three common ways to re,{aresev\‘c:
1. lis‘t of o\“ edges

Carol

2. separate lists of e_dges for

Dan each vertex
2. c.,/es/no for each possible
edge
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Groph Representations

A representation is needed to: 1, Edge_ L;S‘t
-store graphs in memory
~share graphs information
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Groph Representations

A representation is needed to: 1, Edge_ L;S‘t
-store graphs in memory
~share graphs information

Easy to stere but inefficient!

Alice
Frank Alice ifw. Bob
Bob  Bob ifuw. Carol
Carol ifw. Dan
Eve
Carol
Dan
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Groph Representations

A representation is needed to:
-store graphs in memory

~share graphs information

Froank

Dan

Alice

Bob

Carol

Easy to stere but inefficient!

Alice ifw. Bob
Bob i Pw Carol

Dan .Pw Frank

Discrete Structures

1. Edge_ List

Need to g0 ‘tl«r‘ougl«
the whole list to check
wheher

Dan and Frank are
friencs?

OR

even to check i Eve
has any Priends?
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Groph Representations

A representation is needed to:
-store graphs in memory
~share graphs information

Easy to stere but inefficient!

Alice
Frank Alice ifw. Bob
Bob  Bob ifuw. Carol
Carol ifw. Dan
Eve
Carol
Dan

1. Edge_ List

Need to g0 ‘tl«r‘ougl«
the whole list to check
wheher

Dan and Frank are
friencs?

OR

even to check i Eve
has any Priends?

Commonly used in Machine Leaming algorithms that deal with graphs with trillions of edges.
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A representation is needed to:
-store grophs in memory 2. A d:‘O\ cen Q'./ L; St

~share graphs information
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Groph Representations

A representation is needed to:
-store grophs in memory 2. A d:‘O\ cen Q'./ L; St

~share graphs information
Easy to store AVD efficient!
Alice

Fronk Bob  Alice -> Bob, Carel, Daw, Frank

Bob -> Alice, Carol, Dan
Carol -> Alice, Bob, Dan
Dan -> Alice, Bob, Carol, Eve, Frank
Eve -> Daw, Frank
Corol Frank => Dan, Eve, Alice

Dan
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Groph Representations

A representation is needed to:
-store grophs in memory 2. A d:‘O\ cen Q'./ L; St

~share graphs information

Easy to store AVD efficient!

Alice
Fronk Bob  Alice -> Bob, Carel, Daw, Frank
Bob -> Alice; Carol, Dan
Carol -> Alice, Bob, Dan
Eve Dan -> Alice, Bob, Carol, Eve, Frank

Eve -> Daw, Frank
Corol Frank => Dan, Eve, Alice

Dan

Doan and Frank are friends? Only check Dan’s list/
Eve has any friends? Onlt/ check Eve’s list!
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Groph Representations

A representation is needed to:
"Store graphs in wewory 3 Adjocency Matrix

~share graphs information

Alice
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Groph Representations

A representation is needed to:
-store grophs in memory 3 A J:XQQCV\C‘/ MO\tﬁX

~share graphs information

IDEA: for each possible edge answer YES/NO.

Alice

Froank
Bob

Carol
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Groph Representations

A representation is needed to:
-store grophs in memory 3 A J:XQQCV\C‘/ MO\tﬁX

~share graphs information

IDEA: for each possible edge answer YES/NO.

Alice Alice ifw. Bob YES
Bob Carol YES
Fronk Carol ifuw. Dan YES
Bob  Dan ifu. Eve YES
Eve i Frank YES
Alice ifw. Fronk YES
Eve Alice ifw. Carol YES
Alice ifw. Dan YES
Carol Bob Dan YES

Doawn i.fw. Frank YES
Alice ifw. Eve NO

Dan

R
Carol ifuw. Frank NO
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Groph Representations

A representation is needed to:
-store grophs in memory 3 A J:XQQQV\CY MO\tﬁX

~share graphs information

IDEA for each possible edge answer YES/NO. Very efficient but memory eos‘tly/

Alice

Froank
Bob

Carol

Dan

Alice \ﬁv Bob YES
Bob ifw. Carol YES
Caml ifw. Dan YES
Dan ifw. Eve YES
Eve ifw. Frank YES
Alice ifw. Frank YES
Alice ifw. Carol YES
Alice ifw. Dan YES
Bob ifw. Dan YES
Dan ifw. Frank YES
Alice ifw. Eve NO
Bob i.fw. Bve NO
Carol ifw. Eve NO
Bob ifu. Frank NO
Carol ifw. Frank NO

Mudassir
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Groph Representations

A representation is needed to:
“Store graphs in wewory 3 Adjocency Matrix

~share graphs information

IDEA for each possible edge answer YES/NO. Very efficient but memory cos‘tly/

Alice
Alice ifw. Bob YES
Frank A | B | ¢ D | e |F
Bob
A
B
Eve
¢
Carol 3 >
Dan ifw. Frank YES e
Dan Alce i
Bob ifu. Eve NO F

. Eve NO
. Frank NO
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Groph Representations

A representation is needed to:
“Store graphs in wewory 3 Adjocency Matrix

~share graphs information

IDEA for each possible edge answer YES/NO. Very efficient but memory cos‘tly/

Alice.
Alice ifw. Bob YES
Frank A B c > e F
Bob
A 0 1 1 1 0 1
B 1 0 1 1 0 0
Eve
[ 1 1 0 1 0 0
Carol 3 D 1 1 1 0 1 1
Dan ifw. Frank YES e ° ° ) 1 ° 1
Dan Alce i
Bob i.fw. Eve NO F 1 (] 0 1 1 0

. Eve NO
. Frank NO
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Groph Representations

A representation is needed to:
"Store graphs in wewory 3 Adjocency Matrix

~share graphs information

IDEA for each possible edge answer YES/NO. Very efficient but memory cos‘tly/

Alice.
Alice ifw. Bob YES
Frank A B c > e F
Bob
A 0 1 1 1 4 1
B 1 0 1 1 0 0
Eve
[ 1 1 0 1 0 0
Carol 3 D 1 1 1 0 1 1
Dan ifw. Frank YES = 0 ° ) 1 ° 1
Dan Alce i
Bob ifw. Eve NO F 1 0 [ 1 1 0
Carol . Eve NO

Bob ifw. Frank ¥O
Carol ifw. Frank NO

Dan and Frank are friends? Only check cell with Dan’s column and Frank’s row!
Eve has any friends? Or\ly check Eve'’s row!
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Groph Representations

A representation is needed to:
"Store graphs in wewory 3 Adjocency Matrix

~share graphs information

IDEA for each possible edge answer YES/NO. Very efficient but memory cos‘tly/
Alice.

Alice ifw. Bob YES

Frank A| B | ¢ > | E F
Bob
A 0 1 1 1 4 1
B 1 0 1 1 0 0
Eve
[ 1 1 0 1 0 0
Carol 3 Y 1 1 1 0 1 1
Dan ifw. Frank YES = ° ° o 1 o ’
Dan Alce i
Bob ifw. Eve NO Fli oo O] o
Carol . Eve NO

Bob ifw. Frank ¥O
Carol ifw. Frank NO

Dan and Frank are friends? Only check cell with Dan’s column and Frank’s row!
Eve has any friends? Or\ly check Eve'’s row!
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Groph Representations

A representation is needed to:
"Store graphs in wewory 3 Adjocency Matrix

~share graphs information

IDEA for each possible edge answer YES/NO. Very efficient but memory eos‘tly/

Alice
Alice ifw. Bob YES

Frank 4| B|c|Dd|e|F
Bob
A0 |1 1 1 [
B 1 0 1 1 0 0
Eve
< 1 1 o |1 o | o
Carol 3 Y 1 1 1 0 1 1
Don E 0 4 0 1 0 1
FliJolol®][:]o

Dan and Frank are friends? Only check cell with Dan’s column and Frank’s row!
Eve has any friends? Or\ls’ check Eve'’s row!
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Groph Represen‘ta‘tions: Summod‘l/ e
1. Edae List Frank Bob

Carol

Dan

2. Ac{‘)o\cencv./ List

3. Adjacenct/ Matrix

o
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Groph Represen‘ta‘tions: Summod‘l/ e
1. Edae List Frank Bob

Memory Footprint:

O(E|)  we keep all the edges. Carel

Dan

2. Ac{‘)o\cencv./ List

3. Adjacenct/ Matrix
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Groph Re,presen‘toctions: Summod‘y e
1. Edae List

Memory Footprint:
O(E|)  we keep all the edges.

2. Ac{‘)o\cencv./ List

Memory Footprint:

-

3. Adjacenct/ Matrix

Mudassir

Fronk

O(V|+[E|)  We keep neighbors For each vertex.

Alice -> Bob, Carol, Dan, Frank
Bob -> Alice, Carol, Dan

Carol -> Alice, Bob, Dan

Dan -> Alice, Bob, Carol, Bve, Frank
Eve -> Daw, Frank

Frank -> Dan, Eve, Alice

Discrete Structures

Bob

Carol




Groph Represen‘ta‘tions: Summod‘l/

Fronk

1. Edae List

Memory Footprint:
O(E|)  we keep all the edges.

2. Ac{‘)o\cencv./ List

Memory Footprint:
o(V|+|Bl)

-
3. Adjacenct/ Matrix

We keep neighkors for each vertex.

- Dan, Eve, Alice

Mudassir Discrete Structures

Dan

Alice

Bob

Carol




Groph Represen‘ta‘tions: Summod‘l/ e
1. Edae List Frank Bob

Memory Footprint:

O(E|)  we keep all the edges. Carel

. Adjace_ncy List .~ OV # [V > B
O(|E|) # |V| < |E|

pa—— = o[V, | )
O(VI+[E])  We keep neighbors For each vertex.

-
3. Adjacenct/ Matrix

Bl

-b Dan, Eve, Alice
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-
TOPHAT Question

@ For which graphs, adjacency list tokes O(|E|) memory?

o
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-
TOPHAT Question

@ For which graphs, adjacency list tokes O(|E|) memory?
o All “connected 3(‘&91«5” because ’tlf\e(/ have Q(|V]) e,riges.

o
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Groph Represen‘ta‘tions: Summod‘l/ e

Frank
Bob

1. Edae List

Memory Footprint:
O(E|)  we keep all the edges. Carel

Dan

2. Ac{‘)o\cencv./ List

Memory Footprint:

(V| +|E|) We keep neighbors for each vertex.

3. Adjacenct/ Matrix

Mewmory #ootFr:nt:
O(V|?)  We keep o matrix of all possible edges.
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Graph Representations: Summary .

Frank
Bob

Eve

Carol

Dan

o
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Graph Representations: Summary .
1. Edge_ List Frank

Bob

Eve

Carol

Dan
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Graph Representations: Summary .
1. Edge_ List Frank

List all nejghbors of a vertex:

Bob

O(|E|) we have to go through all the eolf,es. Eve

Carol

Dan

o

Mudassir Discrete Structures



Graph Representations: Summary .
1. Edge_ List Frank

Bob
List all nejghl:ors of a vertex:
O(|E|)  we have to go through all the edges. Eve
. Ad:\o\cenct/ List ol

Dan

o
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Graph Representations: Summary .
1. Edge_ List Frank

List all nejghl:ors of a vertex:

Bob

O(|E|)  we have to go through all the edges. Eve

. Ad:‘a\cenct/ List corel

List all ne]glnbors of o vertex: Dan

OV\]V need to check one of the lists.

o

Mudassir Discrete Structures



Graph Representations: Summary .
1. Edge_ List Frank

List all nejyhl:ors of a vertex:

Bob

O(|E|)  we have to go through all the edges. Eve

. Adja\ce_nct/ List corel

List all ne]ghbors of a vertex: Dan

On]l/ need to check one of the lists.

2. Ad\“o\ce_ncy Matrix

o
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Graph Representations: Summary .
1. Edge_ List Frank

List all nejyhl:ors of a vertex:

Bob

O(|E|)  we have to go through all the edges. Eve

. Adja\ce_nct/ List corel

List all ne‘lf!hbors of a vertex: Dan

Onh/ need to check one of the lists.

2. Ad\“o\ce_ncy Matrix

Lst all neighbors of a vertex:
o(V]) O"Il/ need to check one row in the matrix.

o
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e
Preferred Dota Structures/ Repre_se_n'toctions

@ Traverse a graph?
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e
Preferred Dota Structures/ Repre_se_n'toctions

@ Traverse o graph?
° Ad\“o«cenct/ List
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e
Preferred Dota Structures/ Repre_se_n'toctions

@ Traverse o graph?
° Adjacenct/ List
@ Delete an e_dge/Inse_r't a new e_dge,?

o
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e
Preferred Dota Structures/ Repre_se_n'toctions

@ Traverse a 3raph?

° Adjacenct/ List

e Delete an e_dge/Inser't a new edge?
° Ar{‘acenct/ Motrix

o
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e
Preferred Data Structures/| Repre_se_n'toctions

@ Traverse a 3raph?

° Adjacenct/ List

e Delete an e_dge/Inser't a new edge?
° Adjacency Motrix

@ Count I‘/ejghlaors of o vertex?

o
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e
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@ Traverse a 3raph?

o Adjocenay List

e Delete an e_dge/Inser't a new edge?
° Adjacency Motrix

@ Count I‘/ejghl:ors of o vertex?
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o
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e
Preferred Data Structures/| Repre_se_n'toctions

@ Traverse a graph?

o Adjocenay List

e Delete an e_dge/Inser't a new edge?

° Adjacency Motrix

@ Count I‘/eighl:ors of o vertex?

° Adjacency List

@ Operations on a graph with 108 vertices?

o

Mudassir Discrete Structures



e
Preferred Data Structures/| Repre_se_n'toctions

@ Traverse a graph?

o Adjocenay List

e Delete an e_ds,e/Inser’t a new edge?

° Adjacenct/ Motrix

@ Count I‘/eighl:ors of o vertex?

° Adjacency List

@ Operations on a graph with 108 vertices?
o Adjacency List

o
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e
Preferred Data Structures/| Repre_se_n'toctions

@ Traverse a graph?

o Adjocenay List

e Delete an e_ds,e/Inser’t a new edge?

° Adjacenct/ Motrix

@ Count I‘/eighl:ors of o vertex?

° Adjacency List

@ Operations on a graph with 108 vertices?

o Adjacency List

° Opero:tions on a sparse graph vs dense 5raplr\?

o
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Sparse vs Dense Graphs

wmin. number of e_cige_s max. number of e,dge_s

Alice Alice
Fromk' . Bob Fronk Bob
Eve . 0 Eve
V]| 2

2 o Carol ( | ) ~ Carol
<IVig % R 1

DQV\ DO\V\

>

SPARSE

twitter: 450 wmillion vertices with 40-50 followers avg.
Foacebook: 2.9 billion vertices with 190 friends avg.

DENSE

cryp‘to-currencc/ groph is comp|e,‘te,.

iu
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