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~rei—Dijkstra X

1 function Dijkstra(Graph, source):

2

3 create vertex set Q

4

a for each vertex v in Graph:

6 dist[v] + INFINITY

T prev[v] <+ UNDEFINED

o add v to £

10 dist[source] + 0

11

12 while £ 1s not empty:

13 u + vertex in £ with min dist[u]
14

15 remove u from &

16

17 for each neighbor v of u: /7 only v that are still in @
18 alt + dist[u] + length(wy, W)
19 if alt < dist[+]:

20 dist[v] « ait

21 previv] « u

22

23 return dist[], prev[]



Node 0 1 2 3 4 5 6
d[-] - -
S No No

pre




Node 0 1 2 3 4 5 6
ey | o | - | - -
S No No No No No No No
pre 0 - - - -




Node 0 1 2 3 4 5 6
a1 | o | - | - - -] -] -
S Yes No No No No No No
pre 0 - - - -




Node 0 1 2 3 4 5 6

d[-] 0 10 2
S Yes No No No No No No

pre 0 0 0




Node 0 1 2 3 4 5 6

d[-] 0 10 2
S Yes No No No No No Yes

pre 0 0 0




Node 0 1 2 3 4 5 6

d[-] 0 10 5 2
S Yes No No No No No Yes

pre 0 6 6 0




Node 0 1 2 3 4 5 6

d[-] 0 10 5 2
S Yes No No Yes No No Yes

pre 0 6 6 0
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Node 0 1 2 3 4 5 6

d[-] 0 8 10 5 2
S Yes No No Yes No No Yes

pre 0 3 6 6 0
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Node 0 1 2 3 4 5 6

dl-] 0 8 10 5 2
S Yes Yes No Yes No No Yes

pre 0 3 6 6 0
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Node 0 1 2 3 4 5 6

d[-] 0 8 9 5 - 13 2
S Yes Yes No Yes No No Yes

pre 0 3 1 6 - 1 0
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Node 0 1 2 3 4 5 6

d[-] 0 8 9 5 13 2
S Yes Yes Yes Yes No No Yes

pre 0 3 1 6 1 0
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Node 0 1 2 3 4 5 6

d[-] 0 8 9 5 19 13 2
S Yes Yes Yes Yes No Yes Yes

pre 0 3 1 6 2 1 0
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Node 0 1 2 3 4 5 6

d[-] 0 8 9 5 19 13 2
S Yes Yes Yes Yes Yes Yes Yes

pre 0 3 1 6 2 1 0
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Node 0 1 2 3 4 5 6

d-] 0 8 9 5 19 13 2
S Yes Yes Yes Yes Yes Yes Yes

pre 0 3 1 6 2 1 0
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Node 0 1 2 3 4 /S\ 6
d[-] 0 8 10 5 4 9 2
S Yes Yes Yes Yes Yes Yes Yes
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EERTE——-Bellman-Ford &3

F v (=3 Richard Bellman, 1958 #£,

5
tt9rLester Ford&E1956F & 3%,

B 3L Y #Bel lman-Ford & % .
H 3 Edward F. MoorefE1957Ft &3k,
B35kt FBel Iman—Ford-Moore & 3%
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HREEiE—-Bellman-Ford &%

function BellmanFord(J/ist vertices, Jist edges, verfex source) is

::distance[], predecessox|]

/ ia‘ v 2
1}5 \|V|/A // This implementation takes in a graph, represented as

/A 1ists of vertices and edzes, and fills two arrays

N o
JEEU E-/j_\ (u V) // (distance and predecessor) about the shortest path

// from the source to each vertex
d[v]=min(d[v],

// Step 1: initialize graph

d [U] +W(u'V)) foxr each vertex v in vertices do

distance[v] := inf /{ Initialize the distance to all vertices to infinity
predecessor[v] := null // ind having a null predecessor
distance [source] :=0 /{ The distance from the source to itself is, of course, zero

&/j\JXO( V E ) 1 —1 repetitions: 1 1s never reterenced

for each edze (u, v) with weight v in edges do

if distance[u] + w < distance[v] then
distance[v] := distancelu]l + w
predecessor[v] :=u

?Et%ia {E yl:l{ﬂfgiﬁjqj:? // Step 5: check for negative—weight cycles

for each edee (u, v) with weicht w in edges do

MY, E45 7T — if distancelul + v < distance[v] then

exrxoxr “Graph contains a negative—weight cycle”

/I\zEJ [/X T ‘é\li:lil I\E_J return distance[], predecessox|[]




ARG IR—Bellman-Ford £

TBIR|V|K:
BhESRIA(u,v):
d[v]=min(d[v],

d[u]+w(u,v))

BOREM: SN, ESE T T HEMTERE,

dpVIKIARA D TN TR AT, RRRvixiEiE S
1% HETUdp[V][k]=min(dp[v][K],
min,, dp[u][k-1]+w(u,v) )

S AMEERERT, Bl —SRER R BN

\nix



RS —-Bellman-Ford Ei%

?EWI/\_/ IR

et R R B i
divl=min(d[v], e ATt

d[u]+w(u,v)) S
dp[lKIRAREAR DTN TR AR, FERAMQ&EEE, V
dp[jI[K|Z AP T R AR, RaMa&EES, X
dp[I[KIA AR TN TR AT, FERR&REEE,  V

7 BHIRFESRE 2 EMAad[C]=5.




;EIE-_%_LEEI Fi Oyd %r;

B R RFIC BN (IR 2
SREO(IV°)

let dist be a |¥| * |V| array of minimum diztances initialized to <2 (infinity)

4

for each edee (u, v} do
distluw] [v] + wiw w1 /F The peight of the adze @, v.)

for each wertex v do

for Jr from 1 to |V|
for 7 from 1 to |V|
fox 7 from 1 to |V|

if di=t[z][7] » di=t[7][&] + di=t[&][7]
dist[z] [7] + dist[z][&] + dist[&] [F]
end 1if

B SN, ERE T 1N EEUTETE




;?H_%_Llnl:n FI Oyd %,_;

IBE S, T THEENTEZE

dp[]b]l ]%%Tuﬁuk RAPHR, RN R

A HEdpli][]K]= mlﬂ(dp[][][k],
dp[i][K][k-1]+dp[k]b][k-1])

for I from 1 to |V]
for 7 from 1 to |V|
for 7 from 1 to |V|

if dizt[7][7] » di=t[7] [&] + di=t[&][7]
dizt[z] [7] + di=zt[z][&] + distl[&] [ 5]
end 1f




/_\I—‘ﬂ oo 2l .
I ATz IR{T 8] (Traveling Salesman Problem, TSP)

8 2R B K — SR T A R
TSP: #HAKES/NHBZREE, NPHEE
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Steiner Treef}MBMIE http://www. cs. sunysb. edu/ algorith/files/steiner—
tree. shtml

Geosteinerif http://ganley. org/steiner/ FLUTE

3 http://home. eng. iastate. edu/ cnchu/flute. html Goblin[¥

3 http://www. math. uni—augsburg. de/ fremuth/goblin. html PHYLIP[

iF http://evolution. genetics. washington. edu/phylip. html Salwoe[¥

3 http://www. cs. sunysh. edu/ algorith/implement/salowe/distrib/
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Figure 2
From Harris and Ross 1955 : Schematic diagram of the railway network of the Western So-
viet Union and Eastern European countries, with a maximum How of value 163,000 tons from
RHussia to Eastern Europe, and a cut of capacity 163,000 tons indicated as ‘The bottleneck®.
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ERAMKEE: 18RS

B AE—AEEE BER

Ford—Fulkerson®& 3%
While(F 2 E&X

R EMNE P IIE I
BT E M2

HBFSSLIRFR A Edmonds—Karp
’“"%




ERRKAE: 18 e

'ﬂ/‘@_- ,n/E_/\ﬁll_J

Ford—Fulkerson& % :

While(B 3 B&)X
=M R IE B
B k= M2

&, BEBRE, KMSEItHNRARE.

20 10

30

10 20

f1=0 Gy

cr(u,v) =c(u,v) — f(u,v)



o /fE— 1T EEE, 88

Ford—Fulkerson& % :

While(B & B8 )
FEFRE M L& R Fi ]
B %= M 2%

KR B RE)

cr(u,v) = c(u,v) — f(u,v)



ERRKAE: 18 e
B AE—EEE, B

Ford—Fulkerson®& %
While(B 3 B&)X
R = M 2% H
RIBT B
B k= M2 e
}

cr(u,v) = c(u,v) — f(u,v)



ERRKAE: 18 e

aE AE—AERE, B

Ford—Fulkerson& % :

While(B 3 B&)X
=M P ix
BB EMLE

cr(u,v) = c(u,v) — f(u,v)



RRMKAE: 18 K&

B AE—EE

Ford—Fulkerson& 7% :

While(B 18] B8
EREME R IE
EHREMLE

./l)&
I
a
I}

1R Bl & AR {ES0
B IFEthBICK

|1 =30 Gy
/ cr(u,v) = c(u,v) — f(u,v)

Maximum Flow Value No Augmenting Path
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Theoretical Improvements in Algorithmic Efficiency S e i i i
oKl ad. Nag vietl arh. L:] B

for Network Flow Problems Tom 194 (1970), Ne. 4 Vel. 11 (1970), No.$

JACKR EDMONDS ALGORITHM FOR SOLUTION OF A PROBLEM OF MAXIMUM FLOW IN A NETWORK WITH
| meraraily ] Walerdaa, Waterlon, Dutarie, Casada PWE' ESTIMT’D“
LDC 518.5

AND E. A. DINIC

HICHARD M. KARP

Different variants of the formulation of the problem of maxima! statiosary flow in a network and

Unirersity of California, Berkeley, California its many applications are given in [1]. There also is given an algorithe solviag the problem in the

case where the initial data are integers (or, what is equivalen:, commenswrable). Is the general case
snsmioeT.  This paper presents new algorithms for Uhe maximum Bow problem, the Hiteheoek this algoriths requires prelimionry rounding off of the initial data, i.e. caly as approximate solution
transportation problem, and the genernl minimum-cost fow problem. Upper bounds on the
numbers of steps in these plgorithms are derived, and are shown to compare favorably with
pper bounds on the numbers of steys reguired by earlier algorit hims

of the problem is possible. In this coonection the mapidity of coavergence of the algorithm is inverse-
ly propoctional to the relative precision.

Edmonds-Karp 1972 (USA) Dinic 1970 (Soviet Union)
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method # augmentations running time
ig_i ;‘Jz;:t augmenting path nC O(mn C)
fattest augmenting path m log (mC) O(m? log n log (mC))
Xﬂ-;‘ﬁ%:ﬁ\ capacity scaling m log C O(m? log O)
improved capacity scaling m log C O(mnlog C)
EK, =2 BFS shortest augmenting path mn O(m? n)
improved shortest augmenting path mn O(mn?)

dynamic trees mn O(mnlogn)
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) Find a minimum spanning tree T" of G.

2) Let E' be the set of vertices whose degree is odd in T'.
By the handshaking lemma, £’ has an even number of
vertices.

3) Find a minimum-weight perfect matching JM in the
induced subgraph given by the vertices from E”.

4) Combine the edges of M and T to form a connected
multigraph G’ in which every vertex has even degree.

5) Form a Eulerian circuit in G" and make the circuit found
in previous step into a Hamiltonian circuit by removing
the repeated vertices from the circuit, which is called
shortcutting.

5| N. Christofides, “Worst-case analysis of a new heuristic for thetravelling salesman problem,”
Carnegie-Mellon Univ PittsburghPa Management Sciences Research Group, Tech. Rep., 1976.
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IS EFAIIEE: Dijkstra, Bellman-Ford (SPFA).

-
SCfR_E: graphallshortestpaths (W) ; . 0 . !
5] 3 0 1
LEXIEAYIE:  graphshortestpath (W, 1,3); 1 4 0
] .QﬂEi/J\iJﬁ*x\j- Node 4 Node 3
e EFRAIE: Kruskal, Prim
SCfRE:  graphminspantree (W) ; 1
G=(V,E) 1

& V={123],
WEE={(124) (141),(241), . .
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RARmAS: DB BN X12) X14) X4, X3, Xa
FlowMatrix =
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G=(V,F)
=5 V={1,23},

BERE={(124), (1,4,1), (24.),

(2,3,3), (3,4,6)}

BRAZES . ER/NVERT . MESRMATLABH RS

=[1,1,2,2,4];
vi=[2,4,4,3,3];
weight=[4,1,1,3,06];
W=sparse (vi,v],weight,4,4);
graph= full (W) ; <[IEREE
[MaxFlow, FlowMatrlx, Cut] = graphmaxflow (W, 1, 3);

BT

W=W+W " ;

[dist,path, pred]=graphshortestpath (W, 1,3); %8405
dist2= graphallshortestpaths (W); $ZJEEi05

[Tree, pred] = graphminspantree (W); &/

view (biograph (Tree, [], 'ShowArrows', 'off', 'ShowWeight
s','on', 'EdgeFontSize',45))
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