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9. Graph Traversal

graph is unifying theme of computer science



9.2. Data Structures for Graphs

e adjacency matrix
+ quick access, insertion, deletion of edge

— much space (e.g., Manhattan), slow iteration over neigh-
bours

e adjacency list in lists
— slow access, deletion of edge
—+ less space, quick iteration over neighbours

e adjacency list in matrix

e table of edges (for Kruskal)



Adjacency List in Matrix

Q e node | degree | neighbours
O 1 2 3
1 3 2 3 4
2 3 1 4 5
3 3 1 4 6
4 4 1 2 3 7
(3) (6) 5 2 |27
6 2 3 7
{ 3 4 5 6

e quick iteration over neighbours

e NO pointers



9.5. Topological Sorting
e Of DAG
e all directed edges from left to right

e useful
— for schedule respecting precedence constraints

— for finding shortest / longest path from z to y
(with dynamic programming). ..

e implementation
— variant of dfs
— % count incoming edges per vertex
x mMaintain queue of vertices without incoming edges

e See Algoritmiek



Topological Sorting (Example)

finding longest path in DAG. ..



9.0.5. Edit Step Ladders
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https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=37&page=show_problem&problem=970

9.6.6. Tower of Cubes
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https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=37&page=show_problem&problem=992

9.6.8. Hanoi Tower Troubles Again!
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https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=37&page=show_problem&problem=1217

10.4. Network Flows
and Bipartite Matching

maximum flow from 1 to 6 is ...
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Ford-Fulkerson Algorithm (Example)

repeat finding augmenting paths
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Ford-Fulkerson Algorithm (Example)

maximum flow from 1 to 6 is ...
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Ford-Fulkerson Algorithm

void netflow (flowgraph *g, int source, int sink)
{ int volume; // weight of augmenting path

add_residual_edges (g);

dfs (g, source);
volume = path_volume (g, source, sink, parent);

while (volume>0)

{ augment_path (g, source, sink, parent, volume);
dfs (g, source);
volume = path_volume (g, source, sink, parent);

}
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Minimum Cut

minimum cut of 1 and 6 is ...
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Minimum Cut

e Mminimum cut of 1 and 6 is ...

e finding Minimum cut. ..

18



Maximum Bipartite Matching

maximum matching. ..
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Maximum Bipartite Matching

maximum matching ~ maximum flow from source to sink
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Evacuation
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https://liacs.leidenuniv.nl/~vlietrvan1/vbpw/BAPC2006F.pdf

9.6.8. Hanoi Tower Troubles Again!

22


https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=37&page=show_problem&problem=1217

10.3. Shortest Paths

e Dijkstra’s algorithm
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// invoer: samenhangende gewogen graaf G = (V, E) en startknoop s
// uitvoer: array dat de lengtes van de kortste paden vanuit s bevat;
// na afloop is pad[v] = de lengte van een kortste pad van s naar v

for v € V do

pad[v] := oc;
od
pad[s] := 0O;
U :=0;

while (U #V ) do
vind knoop v* € V' \ U met pad[v*] minimaal;
U:=UU-{v*};
for alle knopen v aangrenzend aan v* do
if pad[v*] + gewicht(v*,v) < pad[v] then
pad[v] := pad[v*] + gewicht(v*, v);
fi
od
od

Complexiteit (met adjacency matrix):
O(n+1+n(n+1+n)) =0 (n?)
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// invoer: samenhangende gewogen graaf G = (V, E) en startknoop s
// uitvoer: array dat de lengtes van de kortste paden vanuit s bevat;
// na afloop is pad[v] = de lengte van een kortste pad van s naar v

for v € V do

pad[v] := oc;
od
pad[s] := 0O;
U :=0;

while (U #V ) do
vind knoop v* € V' \ U met pad[v*] minimaal;
U:=UU-{v*};
for alle knopen v aangrenzend aan v* do
if pad[v*] + gewicht(v*,v) < pad[v] then
pad[v] := pad[v*] + gewicht(v*, v);
fi
od
od

Complexiteit (met adjacency list en heap):
On+14+n+nlogn+mlogn) = O(mlogn)
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10.2. Minimum Spanning Trees
e Prim’s algorithm
e Kruskal's algorithm

e See Algoritmiek
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Prim’s Algorithm (Example)
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9.6.3. The Tourist GQuide
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https://onlinejudge.org/index.php?option=com_onlinejudge&Itemid=8&category=37&page=show_problem&problem=1040

