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function &4 Z ([a]&R) returns — > &, 3¢ KW
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TRNEM:

state, parent, action, path-cost

PARENT

node a
Node ACTION = Righi
state result(node.state,a PATH-COST = 6
parent node STATE
action a

path-cost = node.path-cost
step-cost(node.state, a, self.state
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procedure explore((,v)

Input: G =(V,E) is a graph; veV
Qutput: visited(n) is set to true for all nodes n reachable
from v

visited(v) = true
previsit(v)
for each edge (v,u) e E:
if not visited(u): explore(u)
postvisit(v)

procedure dfs(G)

for all veV:
visited(v) = false

for all veV:
if not visited(v): explore(v)
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procedure explore(G,v)

Input: G =(V,E) is a graph; veV
Qutput: visited(u) is set to true for all nodes u reachable™
from v

= L
(;revisit{u
an each edge (v,u) e E: < C7(/EY;)
if not visited(u): explore(u)

pﬂEtviSTffEﬁ

E

procedure dfs(G)

for all veV:

— . ~ S visited(v) = false
%z\ v %/M‘ﬁ
ng\ﬂ&&"ﬁ’\ﬂ for all veV:
if not visited(v): explore(v)
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procedure bfs(G,s)

Input: Graph G =(V,E), directed or undirected; vertex seV
Output: For all vertices u reachable from s, dist(u) is set
to the distance from s to u.

for all neV:
dist(u) =oc

dist(s) =0
Q =[s] (queue containing just s)
while Q is not empty:
u=-eject(Q)
for all edges (u,v)e€E:
if dist(v) =o00:
inject(Q,v)
dist(v) =dist(u) +1







Order Queue contents
of visitation | after processing node
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procedure bfs(G,s)

Input: Graph G =(V,E), directed or undirected; vertex seV
Output: For all vertices u reachable from s, dist(u) is set
to the distance from s to u.

for all neV:
dist(u) =oc

dist(s) =0
Q = [s] (queue containing just s)
while Q is not empty:

u=-eject(Q)
for all edges (u,v)e€E: —
if d15t[v}=§ol; ) Qv \Ht/)

inject(Q,v)
dist(v) =dist(u) +1
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Dijkstra's Shortest-path Algorithm

procedure dijkstra(G,l, s)

Input: Graph G =(V,E), directed or undirected;
positive edge lengths {l.:ec E}; vertex seV

OQutput: For all vertices u reachable from s, dist(u) is set
to the distance from s to u.

for all une V:
dist(i) = o0
prev(uz) =nil

dist(s) =0

H = makequeue (V) (using dist-values as keys)
while H is not empty:
n=deletemin(H)
for all edges (u,v)eE:
if dist(v) = dist(u) +1(u,v):
dist(v) =dist(u) +I(u, v)
prev(v) =u
decreasekey(H, v)
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procedure dijkstra(G,l, s)

Input: Graph G =(V,E), directed or undirected;
— positive edge lengths {l,:ec E}; vertex sV
OQutput: For all vertices u reachable from s, dist(u) is set
to the distance from s to u.

for all ne V:
dist(u) =0 OL n)
prev(u) =nil

dist(s) =0

)\/\:Vl, 1El=m

H = makequeue (V) (using dist-values as keys) O( n )
while H is not empty:
Y u=deletemin(H) CDL\>
for all edges (u,v)€E:
if dist(v) = dist(u) +{(u,v):
~—dist(v) =dist(u) + (u, v)
prev(v) =u

| decreasekey(H,v) . (DO C \oj n)
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Dijkstra’s Algorithm (Conceptual view)

Dijkstra’s Algorithm:

Jreed

Input: Graph &, with cach edge e having a length len(e), and a start node s.
Initialize: tree = {s}, no edges. Label s as having distance 0 to itself.

Invariant: nodes in the tree are labeled with the correct distance to 5. /7
NN %‘357\\“, faé

Repeat:
/)
1. For each neighbor = of the tree, compute an (over)-estimate of its distance to s: 5
_—
leyileg )z o0
distance(z) = min  [distance(v) + len(e)] erite )z (1)
e=(vx):vEtree ~—

In other words, by our invariant, this is the length of the shortest path to @ whose only
edge not in the tree is the very last edge.

2. Insert the node & of minimum distance into tree, connecting it via the argmin (the edge
y e used to get distancé(z) in the expression (1)).

d
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(Dijkstra-)Prim’s algorithm

1. Pick some arbitrary start node s. Initialize tree T' = {s}.

2. Repeatedly add the shortest edge incident to 7' (the shortest edge having one vertex in
g
T" and one vertex not in 7") until the tree spans all the nodes.
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Kruskal's Algorithm

Kruskal’s Algorithm:
Sort edges by length and examine them from shortest to longest. Put each edge into the cur-
rent forest (a forest is just a set of trees) if it doesn’t form a cycle with the edges chosen so far.
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