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e Graph & = (1 E) has vertices (nodes) V and edges (arcs) E.

e Graph can be directed or undirected

e Graph can represent any situation with objects and pairwise relation
ships.
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Comparison

| Space Query Time All neighbors time
Matrix | O(V?) O(1) O(V)
List | O(FE) O(degree) O(degree)

e For a simple graph (no double edges) E < V2 =0(V?)
e For a connected graph £ >V — 1 ‘

e For a tree E=V — 1 o
WN:=E = 0@t
b~
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BFS(G, s)
1 for each vertex u € V[G] — {s}
2 do color[u] — WHITE
3 du] — ~
4 m[u] — NIL \I
5 color[s] — GRAY
6 ds]—0
T (s — NIL \
8 Q—1
9 ENQUEUE(Q, s)
10 while @ # 0
11 do u — DEQUEUE(Q)
12 for each v € Adj|u]
13 do if color[v] = WHITE
14 then color[v] — GrAY
15 d[v] — du] + 1
11‘I=.WI8.50|1 < Thl-l — 3 -
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I for each vertex u = V]G] — {5} ~
2 do color|u] — WHITE
3 d[u] — ~ \/
4 m[u] — NIL
5 color[s| — GRAY
6 ds]—0
7 m[s] — NIL \{l
8 Q0 \
9 ENQUEUE(Q. s) Q
10 (while Q # 0 F \
11 do u — DEQUEUE(Q) ar °\\
12 for each v € Adj|u] a* ﬂ\of\' \IIC\.IQ‘ v
13 do if color[v] = WHITE £ |
14 then color|v] — Gray 9\ '€M a b
15 d[v] — d[u] +1 . Nx w
16 m[v] — u ’\'\“"6 v
17 ENQUEUE(Q. v)
18 k‘ color[u] — BLACK J 0('] -
*
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DFS(G)

for each vertex u € V[G] QQ(‘}‘\ “A‘x s
I

do color(u] — WHITE

1

2

3 mlu) — -

; NIL DFg V(S\‘\’ 'A

time — 0
5 for each vertex u € V|G| OI\Q .
6 do if color[u] = WHITE
7 then DFS-VisiT(u) - wl"\i‘\ G(q“ oad\’
DFS-Visit (1) o C prld'j a?j‘l
1 color[u] — GRAY > White vert x i ln»-. just heen scovered. ‘
2  time — time+1
3 dfu] — time (. ‘ '}
4 for each v & Adj[u] > Explore edge (u,v). o d‘ \W
5 do if color[v] = WHITE 6[ d‘“ "'
6 then 7[v] — u
CAN— DES-Visiria) =
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