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Exam4on4/6 —4/8

Autograded MC and one coding question
Manually graded short answer prompt
Practice exam out now on PL

Topics covered can be found on website

Register now!

https://courses.engr.illinois.edu/cs225/exams/



https://courses.engr.illinois.edu/cs225/exams/

Lab this week is exam 4 review session

Like exam 2, many new questions will be released for lab
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A great opportunity to go over practice exam too!

Form a study group to peer grade FRQs
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Learning Objectives Or Chan

Discuss graph |mplementat|on and storage strategies
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Introduce graph traversals <L/
fld7L o f/cﬁm




Graph Implementation: Edge List |1V|= n,[fE|=m
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_________

_____________________

© ( insertVertex(K key):
insertEdge(Vertex v1, Vertex v2, K key):

O(m)

| removeVertex(Vertex v):

~ removeEdge(Vertex v1, Vertex v2, K key):
incidentEdges(Vertex v):
areAdjacent(Vertex v1, Vertex v2):



Graph Implementation: Adjacency Matrix
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@ | Voar}i?l( Storage: \ Giws
/ x A'hash table of vertices Wy
b d . . . 1/
© ™ © Implicitly or explicitly store index o D

L ((q Y w,2,§ ‘CLA)- ) .
uo -n-nn Edge Storage: ~ J

o A |V|x[V| matrix of edges
o ANV

b 0 Weightisstored at position (u, v)
d




Graph Implementation: Adjacency Matrix
|IV|=n, |E|= m

(1 ¥

removeVertex(Vertex v): 7

Remove v from vertex mapping

Remove an entire row / entire column




Amortized Removal with Tombstoning

Remove an item by replacing its value or flipping a flag indicating ‘deletion’
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When there are enough deleted elements to merit resize, do it all at once!

u | o -n-nn Adjacency Matrix:

m removeVertex() by tombstoning |V| values

b 0 Resize when needed or by request
e — ———
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Graph Implementation: Adjacency Matrix @

|IV|=n, |E|]=m

@ -
@/by@d@v

a C 0
b 0
d

O(1)
[ insertEdge(Vertex v1, Vertex v2, K key):

removeEdge(Vertex v1, Vertex v2, K key):
areAdjacent(Vertex v1, Vertex v2):

il O(n) B Gé’f C/// ea?{;

"~ incidentEdges(Vertex v):
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1 O(n)—0O(n?) .,
~ insertVertex(K key): a-l & <N
removeVertex(Vertex v): 2

Also  Spte ¢ Aoy O(/\'?



Graph Implementation Brainstorming

We want something...

W
Faster than an edge list / b\ d
O W) @

Less space than an adjacency matrix

Particularly good at finding adjacent elements




Graph Implementation: Edge List + ?
|V|= n, |E|=m
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Naive Adjacency List Verbex Sloase  Shchue
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Naive Adjacency List
|IV|= n, |[E|=m

incidentEdges(Vertex v): JR
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It areAdjacent(Vertex v1, Vertex v2):
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Swuple  Comeckd Granh 2
Naive Adjacency List ' \>0 ™ s ;‘uﬁ

O
IVI= n, |E|]=m incidentEdges(Vertex v): oin Code: 225

7®Y Lookup linked list for v O@"i(”) = Q")
b d

W @ © Walk dowr Every edge is incident.
‘ O(’P) O(w> | |
v | a le— w | c C) Mo aauek By & O de;;(v:‘ \/

" areAdjacent(Vertex v1, Vertex v2): Y

oY M

L d=2].

[, — u|a «—> w| b | Dosame thingbutlook for specific v2 (/ffc
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What are my Big Os?




Naive Adjacency List
|IV|= n, |[E|=m

© removeVertex(Vertex v):
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Naive Adjacency List
|IV|= n, |[E|=m

Q) removeVertex(Vertex v):
7 b& ; Look up V in our list and remove all entries.
() —_ . |
© v © ... And then look for V in every other list
- —
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Naive Adjacency List @

Vi=n, |E|=m :
V] r | E What’s wrong with our implementation?

a c G Aa @lse s Shkd ni
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& ® © e & UV, K o far U

How can we fix it?
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Adjacency List a :
G/ b\@ " &

|IV|=n, |E|=m
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Adjacency List
IV|=n, |E|= m

gl




Adjacency List Pfet/ \ 0 | et
|IVI= n, |E|=m / \ © 4..||<I»/ \ G &

Adj List Node: C kel 1 AWl
*Prev | *Edge | *Next m:ﬁ;?sso{.u
7 ____._____

C‘G\A&\y |:/\|{0J
Edge List: \

No.ve

\} V2

- *V1 *V2 \
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Adjacency List Vertex Storage:
Vertices stored in map w/ linked list values

@ — pe—
/ b& ; A bidirectional linked list with size variable
© ®—Q

Each node is a pointer to edge in edge list

Edge Storage:

. Alist of (v1, v2, weight) edges

- "Also store pointers back to nodes




Adjacency | ist incidentEdges(Vertex v):
Look up vertex list (and walk across it)

@ —
7 b& d [Each edge is a pointer lookup away]
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Adjacency List

®
G/b\@ "

areAdjacent(Vertex v1, Vertex v2):

Look up min-degree vertex list

CEm

Search for other vertex across list
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Adjacency List insertEdge(Vertex v1, Vertex v2, K key):
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Adjacency List insertEdge(Vertex v1, Vertex v2, K key):

@ Add edge to edge list
7 b& d Add node to each vertex list
O (w) @ Connect all three with pointers

e o) O
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Join Code: 225

What are my Big Os?
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Adjace Nncy List removeEdge(Vertex v1, Vertex v2):
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Adj acency List removeEdge(Vertex v1, Vertex v2, &)

© Search min-degree vertex list
7 bk | Remove mirrored entry using pointers
()
O ot @ Remove edge from edge list

Remove entry from vertex list

..

B A—— E

Join Code: 225

What are my Big Os?



Adjacency List insertVertex(K key):




Adjacency st insertVertex(K key):
©® Add new empty list to vertex list.




AdJ acency st removeVertex(Vertex v/ﬁ v
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AdJ aCency List removeVertex(Vertex v):
© Look up vertex in vertex list

7 b& ] Walk across list

Remove mirrored entry using pointers

A/\ Remove edge from edge list
o

. Remove entry from vertex list

B9

JoinCode: 225 What are my Big Os?




|V|=n, |E|=m (COmpo Ul g Sah)d)

Edge List Adjacency Matrix Adjacency List
Expressed as O(f)
n+m n2 n+m

Space

insertVertex(v) 1* n* 1*
removeVertex(v) n+m n deg(v)
insertEdge(u, v) 1 1 1*

in( d ’
removeEdge(u, v) m 1 min( deg(u)

deg(v) )
incidentEdges(v) m n deg(v)
areAdjacent(u, v) m 1 min( deg(u),

deg(v) )




Graph Traversals

There is no clear order in a graph (even less than a tree!)

How can we systematically go through a complex graph in the fewest steps?

Tree traversals won't work — lets compare:

2

O
O/QO

 Rooted .
« Acyclic .




Traversal: BFS




Traversal: BFS o P | e

v

A BCD
B ACE
C ABDEF
D ACFH
E BCG
F CDG
G

H

EFH

DG




