CS 225

Data Structures

December 5 — Dijjkstra’s Algorihtm
Wade Fagen-Ulmschneider




MST Algorithm Runtime:

We know that MSTs are always run on a minimally
connected graph:

n-1<mz<n(n-1) /2

O(n) £ O(m) £ O(n?)




MST Algorithm Runtime:

e Kruskal’s Algorithm: * Prim’s Algorithm:
O(n + m Ig(n)) O(n Ig(n) + m Ig(n))
Sparse Graph: Sparse Graph:

Dense Graph: Dense Graph:




Suppose | have a new heap: -

Remove Of(lg(n)) O(lg(n))
Min
Decrease O(Ig(n)) O(1)*
. . Key
What'’s the updated running time?
PrimMST(G, s):

6 foreach (Vertex v : G):

7 d[v] = +iInf

8 p[v] = NULL

o| d[s] = o0

11 PriorityQueue Q // min distance, defined by d[v]
12 Q.buirldHeap(G.vertices())

13 Graph T // ""labeled set"

14

15 repeat n times:

16 Vertex m = Q.removeMin()

17 T.add(m)

18 foreach (Vertex v : neighbors of m not in T):
19 it cost(v, m) < d[v]:

20 dv] cost(v, m)

21 plVv] m




MST Algorithm Runtimes:

e Kruskal’s Algorithm: * Prim’s Algorithm:
O(m Ig(n)) O(n Ig(n) + m Ig(n))




Final Big-O MST Algorithm Runtimes:

e Kruskal’s Algorithm: * Prim’s Algorithm:
O(m Ig(n)) O(n Ig(n) + m)
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MP7/
Extra Credit: Due TONIGHT! (+7 points!)

Part 3: Released Tomorrow




h h o Chi%ago
Shortest Pat e
!‘i":'.' i = Maperville
r ——
urora ' 14 )
355
{50
Jolet {0 sary
@”ﬁ Merrﬁlv
_ @ >
@ alttawa v
¢
o)
Kanivf:‘akee
55/
39/
Bloumoingmn
57
3,
-3

Mahomet
[=]

,Iilini Union

gl



Fort Collins
o

w Rockiord
o
Cedar Rapids g
i Chicago
lowa City Qi
(=]

IOWA

Des Moines (]
o Maperville

NEBRASKA i
4]

Lincoln ]
o Peoria
o

ILLINOIS _yrhana N

Denver . Springfield =2 :

o United States ngia®
COLORADO Kansas City : '
o Culuurn bia A
Culo?adu e
Sprins KANSAS ' 4h 45 min | = |
Pueblo L from 35'}9 B Evansville
Wichita - ark Twain L8
i MNational Forest g
| @ 16 h 14 min |
| 1,089 miles | :
Fayetteville — T : Naﬁgwl
o
Santa Fi
2y TENNES
buquerque pratn
Huntsy
o
NEW MEXICO
Birmingha

as Cruces
o

El Paso

Lubbock
o

MISSISSIPPI Tl..ls\-u.".?:‘lvecs-cusa'::l

| @ 17h 11 min | SAdA
e | Jackson Montc
‘; - e Ly )
Midland (e
TEXAS
Muohile
PG 9 Pensacala
g Beaumont LOUISTANA o ias
g New Orleans
ped ey oo BT Houston )
Irr .L\\ " gtﬂﬂlo Galveston
] \ c



Dijkstra’s Algorithm (SSSP)

DijkstraSSSP(G, s):

6 foreach (Vertex v : G):

7 dfv] = +iInf

8 p[v] = NULL

9 dfs] = O

10

11 PriorityQueue Q // min distance, defined by d[V]
12 Q.buildHeap(G.vertices())

13 Graph T // "labeled set”

14

15 repeat n times:

16 Vertex u = Q.removeMin()

17 T.add(u)

18 foreach (Vertex v : neighbors of u not In T):
19 it < d[Vv]:
20 dv]

21 plVv]




Dijkstra’s Algorithm (SSSP)

What about negative weight cycles?




Dijkstra’s Algorithm (SSSP)

What about negative weight edges, without negative
weight cycles?




Dijkstra’s Algorithm (SSSP)

What is the running time?

6

7

8

9
10
11
12
13
14
15
16
17
18
19
20

DijkstraSSSP(G, s):
foreach (Vertex v : G):

dfv] = +inf
p[v] = NULL
d[s] =0

PriorityQueue Q // min distance, defined by d[v]
Q.buirldHeap(G.vertices())
Graph T // "labeled set”

repeat n times:
Vertex u = Q.removeMin()

T.add(u)
foreach (Vertex v : neighbors of u not In T):
it < d[v]:
d[v]

pLv]
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