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Exam4on4/6 —4/8

Autograded MC and one coding question
Manually graded short answer prompt

Practice exam releases this week 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, some new questions will be released for lab

A great opportunity to go over practice exw
Form a study group to peer grade FRQs <




Learning Objectives

Discussﬁraph implementatio}fnd storage strategies
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To study all of these struc
1. A common vocabulary Wit |
2. Graph implementations

£ 3. Graph traversals
4. Graph algorithms -t
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Graph ADT Functions: Teadect s,

Data: - insertVertex(K key); ~
- insertEdge(Vertex v1, Vertex v2, K key);

- Vertices

- Edges

- Some data structure - removeVertex(Vertex v);
maintaining the - removeEdge(Vertex v1, Vertex v2);
structure between
vertices and edges. - jncidentEdges(Vertex v);

- areAdjacent(Vertex v1, Vertex v2);

- origin(Edge e);
- destination(Edge e);




Graph Implementation: Edge List 1VI= n, |[E|= m

The equivalent of an ‘unordered’ data structure

O, & Vertex Storage:

d C
/ b\ d An optional list of vertices

(o)
@_ _____%V_V/_ ___________ @ % (-/7 QYRqaa\ D/\\y l‘p all UP/‘\\(MS (em\edf}
v Tu T, Edge Storage:
N c A list storing edges as (V1, V2, Weight)
z w z d

______________________________

Most graphs are stored as just an edge list!




Graph Implementation: Edge List |1V|= n, |E|=m

@ getEdges(Vertex v)
/ & Search edge storage for'v’
b _ -
O, \J @ Since unsorted array: O(m)
f\&?@_ CU(ay
u u v a | |

areAdjacent(Vertex v1, Vertex v2)

— . Search edge storage for'v1’ AND 'v2’
- @ 2 ° \/ Since unsorted array: O(m)

______________________________




Graph Implementation: Edge List |1V|= n, |E|=m

@ @ insertVertex(K key)

a C Ofdd Yo B0 oF wia ug
/b\ d ’

O, o, @
140 [T 7T removeVertex(Vertex v)
/v/ / v 7T b —' S wolf( Thovsh  ustex Aoy , (emove v/
i o | G
| w N N 7 w gl [( ﬂ\lm,s\» 6(894 ot(‘fa\{I (Coron «\9'5




Graph Implementation: Edge List |1V|= n, |E|=m

@) insertVertex(K key)
7 b& | Add ‘'key’ to vertex array 1
(o)
O b @ Since unsorted array{O(1)*) ~—

removeVertex(Vertex v)

v v |[w | b

Remove vertex from vertex array
" i i Remove vertex from edge array
z w z d

Since unsorted array: O(n+m) | ,




Graph Implementation: Edge List |1V|= n, |E|=m

© insertEdge(Vertex v1, Vertex v2, K key)
7 & 5 Fagor bﬂd{ to ehye 0‘(‘[0);

b d

© >—0 o(i*

1 ] W W | removeEdge(Vertex v1, Vertex v2)
V] Q@ ] GFL) To e
Oinony o)
z | w z d

______________________________




Graph Implementation: Edge List |1V|= n, |E|=m

@) insertEdge(Vertex v1, Vertex v2, K key)
7 b& | Tricky! Can we assume edge doesn't exist?
@ @ @ If yes — easy: O(1)*
If no — still easy but slower: O(m)
Lol il ]e )] removeEdge(Vertex v1, Vertex v2)
' i I Search edge array for'v1’and‘v2’
" R Remove it if it exists
; wilz | Since unsorted array: O(m)

______________________________




Graph Implementation: Edge List |1V|= n, |E|=m

insertVertex(K key)

insertEdge(Vertex v1, Vertex v2, K key)

[o] W] ]s] o(m)

incidentEdges(Vertex v)

v v |[w | b

areAdjacent(Vertex v1, Vertex v2)
w u w C

removeVertex(Vertex v) E O 44)
z w z d

removeEdge(Vertex v1, Vertex v2)




Graph Implementation: Edge List /-' =#< * @

Pros: \
Ly Vey st Verley) 657Q et & K vk .
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Graph Implementation: Brainstorming better

What operations might | want to do very quickly?
G Fiad Spe Ay ver ¢ 1

\,'7 @glf €sz'§ (So (e Can ‘\’/avtlsc)

What modifications might allow me to do these things faster? L/
b Lels ol th eddal oF ed or o




Graph Implementation: Adjacency Matrix

(W) (on e o) £ Cht!

—————————

_________




Graph Implementation: Adjacency Matrix
L)Opp'me ¢Ie  Aloy ~| ke Mirr‘il
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Graph Implementation: Adjacency Matrix




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

Vertex Storage:
7®X A hash table of vertices
b d - - :
O W) © Implicitly or explicitly store index

ulo -n-nn Edge Storage:

o A|V]x|V| matrix of edges

b 0 Weightisstored at position (u, v)




Graph Implementation: Adjacency Matrix

|IV|=n, |E|]=m incidentEdges(Vertex v):

@ G lak W V  row } Cd(
2N
W ® @
R,

areAdjacent(Vertexvi, VEI%EX (v2): [/

\ \
a % L (/79 ‘L?)II‘S‘H;LP ") e 5;
— my b L’-b)l(u , M
i Tﬁ 7 Gt ‘/v)}?((ﬁq o
d




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

> incidentEdges(Vertex Join Code: 225
G fe, © 'nga_( b ‘/Ta)i €(‘7¢’S S e e 2o

Look up row (or column) in matrix
la;& OFf L'ffms jf, (ca}w% ‘§ ~F,X@J 'E:/ /) vl

(/7/\““’3'5 ook Thevely /24) Spairs O( ),

areAdjacent(Vertex v1, Vertex v2):

Look up row (and column) in matrix O ( >

“ U(""D | ”é> O(Mb> What are my Big Os?



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

insertEdge(Vertex v1, Vertex v2, K key):
Lyl vp (y Vs) 7

Y ¢ lqau9a Value_ —

removeEdge(Vertex v1, Vertex v2, K key):
< ok op Spefi¢ (Ul I U3>

('§él’w49(» w\V( (”0 Q) )kr/




Graph Implementation: Adjacency Matrix ﬁﬁ?

[=]
VI=n,|El=m el
insertEdge(Vertex v1, Vertex v2, K key):

Look up row and column

Change value O (()

removeEdge(Vertex v1, Vertex v2, K key):
Look up row and column O(|)

Change value

[ |
e

What are my Big Os?



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

insertVertex(K key):
G Adx New) {'(f')’ o  Mhap

S0t acw ow T adnX
G My ow CaIUMq b fAy Pw

removeVertex(Vertex v):
H-rtz\) /) MOP 4& ff’mwg

Ly Compie o  fow 2 a (o\w-,, " €ory
(_w

h\«\ QL.~-~




Graph Implementation: Adjacency Matrix ﬁﬁ?

=
- _ of;
IVI= n, |E|= m insertVertex(K key): Join Code: 225

/ x Insert new key to vertex mapping
b d

@ Add a new row and column to matrix
“1-07 1+ ehy,! ld Moty O(IP)

Q tebeod O(n
AWV O -'490«,\ s WS\ of NSkt )(ﬂﬁ) Q}p/ql\

removeVertex(Vertex v): Q/imé

Remove v from vertex mapping ¢ <I r

b\ 0 Remove an entire row / entire column

-;(“b —

O Qffen  Cequirg (e lbny o)y

Y
m'm\f, 4o e o O (n > What are my Big Os?




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

[=]
o

In&ulf \/Ql"l")‘.,) Join Code: 225

PPy dlegend

0 Cq/ ¢ Oj ¢ o)
v ! CL,C):] « afif
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What are my Big Os?




Graph Implementation: Adjacency Matrix @

Pros: o
l/7 Vﬂly ~€'F4' \\( ?'Q,\‘L ‘Q&Q \mkv_P /Mdf)‘ €\ (g 1on O

Cons:
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Graph Implementation Brainstorming

We want something... @

Faster than an edge list / b\ d

— - O ® @
Less space than an adjacency matrix

Z/L/\/— Z

Particularly good at finding all adjacent elements (neighbors)




Graph Implementation: Edge List + ?

|V|=®n/ |E|= m El\;"j Eé(}( Pylwi"ff
PAYS 2w VT
(]

______________________________



Graph Implementation: Adjacency List

|V|=n, |E|= m T
© | |
a C
/b\ . d
W W @
________ '} a &P w C
3=2§
_‘i______,u a €&—p w | b
d-2|

_________




Graph Implementation: Adjacency List

IVI= n, |E|]=m incidentEdges(Vertex v):

O
d C
/ b\ d
© W @
V| a &P w cC .
TP areAdjacent(Vertex v1, Vertex v2):
d=2|
_j_____, u|l a €«—» w | b
d=2]

_________




Graph Implementation: Adjacency List
|V|= n, |E|=m

0 removeEdge(Vertex v1, Vertex v2, K key):
7 o X
b d
O W) ©
_________ v a 4¢P w C
/
d=2
_‘i_____, u| al€«<—>» w|b
d=2|

_________




Graph Implementation: Adjacency List
|V|= n, |E|=m

© removeVertex(Vertex v):
d &
b d
O W) @
________ \'} a 4—> \"') C
7
g=2
.y u|l a €&—>» w|b
v T
d=2|

_________




Graph Implementation: Adjacency List @

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

d &
b d
O W) @
How can we fix it?

________ v a &P w C

—
3=2§

.y u|l a €&—>» w|b
v T
d=2|

_________




