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4 N

Adjacency-list representation:

— (N || || Ln
~

e Array Adj of ||V lists
e One list per vertex u € V

e Vu eV, Adjlu] contains pointers to vertices
v € V adjacent to u

e Pointers in adjacency lists stored in arbitrary
order

o /
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4 N

Adjacency-list representation:

= | S )
NINNL N

e Directed graph: sum (length (all adjacency
lists)) = || E||

e Undirected graph: sum (length (all adjacency
lists)) = 2||E|
Since every edge appears twice, once per each

vertex

e In all cases: space is
O(mazx(V,E)) =0V + F)

o /
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-

Adjacency-list representation:

= | S )
NINNL N

e Advantage: can easily represent weighted
graphs: w(u,v) of (u,v) € F can be stored
with (pointer to) v in Adj|u]

e Inconvenient: To determine if (u,v) is in

graph, we must search v in Adj[u], O(||V||)

o

/
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4 N

Adjacency-matrix representation:

5T
Ii j 2 ,4\/
2] 4]/
2 | s 3]/
4 ‘.
2] 4|
i
2[/
%

e Vertices are numbered arbitrarily: 1, 2, ...,
IV

o A= (aij) 1S a HVH X HVH matrix with Qg5 — 1
if 7,5 € £ and a;; = 1 otherwise

o /

B.Y. Choueiry 8 April 25, 2001




4 N

Adjacency-matrix representation:

e Requires ©(V?) space, independent of || E)||

e Undirected graph: A = A?", we can save space
below diagonal

e Weighted graphs: w(u,v) stored in Alu, v]

e (u,v) does not exist: Alu,v] = Nil, or
sometimes Alu,v] = 0, 00, depending on

application

o /

B.Y. Choueiry 9 April 25, 2001
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11
12
13
14
15
16
17
18

o

BF'S: pseudocode

BFS(G, s)

for each vertex u € V[G] — {s}
do color[u] — WHITE
d[u] — o
n[u] — NIL
color[s] «— GRAY
d[s] <0
n[s] < NIL
Q — {s}
while Q # 0
do u — head[Q]
for each v € Adj[u]
do if color[v] = WHITE
then color[v] «— GRAY
d[v] « d[u] + 1
n[v] «— u
ENQUEUE(Q, v)
DEQUEUE(Q)
color{u] — BLACK

/

B.Y. Choueiry
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/BFS: Example

Qd

Q=[ab]

Courtesy of Dr.

Cusack\

v |adjacent| d | P | color
s |ab O |nil | gray
a |sb,ce [inf |nil |white
b | sace [inf [nil |white
c | bae [inf [nil | white
dle inf | nil | white
e [ab,cd [inf [nil | white
v |adjacent| d | P | color
s |ab O |nil | black
alsbce |1 |s |gray
b|sace |1 |s |gray
c | bae |inf [nil | white
dle inf | nil | white
e [ab,cd [inf [nil | white
v |adjacent| d | P | color
s |ab O | nil | black
alsbhce |1 |s |black
b|sace |1 |s |gray
c |bae 2 | a |gray
dle inf | nil {white
e |abcd | 2 | a |gray
v |adjacent| d | P | color
s |ab O |nil |black
a|sbhce |1 |s |black
b |sace |1 |s |black
c | bae 2 | a |gray
dl|e Inf | nil {white
e labcd |2 | a

gray /

B.Y. Choueiry
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/BFS: Example
S d
(0 O

a\
’ ~
’ ~
’
7
7

c Q=[d]
e e
d
©

~
~
~

a
°
'y
NG e

c Q=[]

Courtesy of Dr.

Cusack\

v |adjacent| d | P | color
s |ab 0 |nil |black
alsbhbce |1 |s |black
b|sace |1 |s |black
c |bae 2 | a |gray

dle inf | nil |white
e |abcd | 2 | a |gray

v |adjacent| d | P | color
s [ab 0 |nil |black
alsbhce |1 |s |black
b|sace |1 |s |black
c | bae 2 | a |black
d|e Inf | nil |white
e |abcd | 2 | a |gray

v |adjacent| d | P | color
s |ab O | nil | black
a|sbce |1 |s |black
b|sace |1 |s |black
c | bae 2 | a |black
d|e 3 | e |grey

e |[abcd | 2 | a |black
v |adjacent| d | P | color
s |ab O | nil | black
al|sbce |1 |s |black
b|sace |1 |s |black
c | bae 2 | a |black
d|e 3 | e |black
e |abcd | 2 | a | black

/
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BF'S: Example

f

time=1

Courtesy of Dr. Cusack

~

a

b

C

d

e

f

g

h

NIL

NIL

NIL

NIL

NIL

NIL

NIL |NIL

1

o=+ oK

(o)

QO

NIL

NIL

NIL

NIL

NIL |NIL

N

O 1a 0|

O

o]

NIL

NIL

NIL

NIL |NIL

N

O o0 T

(@]

O

NIL

NIL

NIL |NIL

N

w

O |+ oK

wW

W

/
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/BFS: Example Courtesy of Dr. Cusack\

a f O g
N
a f O
N
a f Q
[0

alblc|d|e|f]|g]|h
NIL| a NIL [NIL [ NIL |NIL
11234

time=4

®—O
o|—=la|lol|<
®

®

@ o
@ o
=

=

=

=

NIL |NIL NIL

time=5

©—e
o= la|ol<
@ H%QJ
® N o ([T
@ w|T|O
o Mol
= ®
= —
® Ul ol
s =

8}
(o
o
o
D
—

O
(@)

NIL |NIL NIL

time=6

®—0
o |—la o<
) =

® N |
()] w

") IN

=

=
Wlo|u|al|lQ
=

‘\ Q vialblcld[e[f[O][h
h e PIINIL| a| b| C [NIL|NIL| d |NIL
) time=7 dj|1]2]3|4 S
c|G|G|G|B|{W|W|B|W
b C d
a f g
vialblc|d|e|f]|9g]|h
‘\ hQ\Qe PIINILl a| b | C|NnL|NnL| d]|C
time=8 d|1]2]3]|4 5|8
f 7 6
c|G|G|G|B|W|W|B |G
QL > W,
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/BFS: Example

/Uﬁ 90— 90 09 00 (

a fQ

time=11

Courtesy of Dr. Cusa,ck\

via|bjc|d|e|f|9]|h
pPlINILl a| b | C |NLINL| d | C
d|1]2|3|4 5|8
f 7 6
cllG|G|G|B|W|W|B |G
via|bjc|d|e|f|9]|h
pPlINILl a| b | C|NLINL| d | C
d|1]2|3|4 5|8
f 7 6
c||lG|G|G|B|W|W|B |G
via|bjc|d|e|f]|9]|h
PIINILl a| b |C|NnLINL| d|C
dil1]12|3|4 5|8
f 7 6|9
c||G|G|G|B|W(wW|B|B
vijia|b|c|d|e|[f]|9]|h
PIINILl a| b |C|NnLINL| d|C
dil1]12|3|4 5|8
f 10| 7 6|9
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c|/|G|B|B|B/W|W|B B/
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Example Courtesy of Dr. Cusack\
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4 N

DAG: Example

A directed edge indicates that garment v must be
donned before garment v

11/16 (undershorts) (socks) 17/18
Y — Y (watch) 9/10
12/15 ( pants }- > shoes ) 13
[ P N '
Y (shirt) 1/8

67 (belt) Y

(tie ) 2/5

Y
(jacket) 3/

One possible order of getting dressed: topological
sort!

P N e - e L}&, ~ - .\_ }y_ B X, . _:L,, -
(b) (socks) (undershorts )= pants ) >{shoes) (watch) (shirt)>(belt) tie }>{jacket
7/1R 11/16 12/15 13/14 Q10 1/R "

\_ /
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