1 2 3 4 S 6 7 8
1 o ]
2 300 [¢]
3 100 800 o
4 1200 L¢]
S 1500 o 250
6 1000 o 200 1400
L] (¢ ] 1000
8 1700 (4]

{b) Length-adjacency matrix

Distance
keration | S Vetex | LA SF DEN CHI BOST NY MIA NO
selected (1] 2] 3] [4] [51 6] 7 (8]
Initial | - - 400 400 +eo 1500 0 25 $o0 +o0
1| {5} 6 $o0 400 +o0 1250 0 250 1150 1650
2| (56) 7 400 oo oo |250 0 250 1150 1650
3| {56.7) 4 400 4o 2450 1250 0 250 1150 1650
4 | [56,74) 8 3350 4 2450 1250 0 250 1150 1650
5| (56,7438} 3 3350 3250 2450 1250 0 25 1150 1650
6 | (567483} 2 3350 3250 2450 1250 0 250 1150 1650
(5/6,74.83.2)
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Algorithm FGraph(G, k,n,p)

// The input is a k-stage graph G = (V, E) with n vertices
// indexed in order of stages. F is a set of edges and [t j]

// is the cost of (i,7). p[1: k] is a minimum-cost path.

cost[n] := 0.0;
for j:=n—1to 1 step —1 do
{ // Compute cost[j].

Let r be a vertex such that (j,r) is an edge

of G and c[j, 7] + cost[r] is minimum;

cost[j] := clj,r] + cost[r];
d[j] :==r;

// Find a minimum-cost path.
p1] == 1; p[k] := n;

for j :=2to k—1 do p[j] := d[p[j — 1]];

}
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cost(3,6)
cost(3,7)

cost(3, 8)
cost(2,2)

cost(2,3)
cost(2,4)
cost(2,5)
cost(1,1)
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min {6 + cost(4,9),5 + cost(4, 10)}

7

min {4 + cost(4,9),3 + cost(4,10)}

5
7

min {4 + cost(3,6),2 + cost(3,7),1 + cost(3, 8)}

7
9

18
15

min {9 + cost(2,2),7 + cost(2,3),3 + cost(2,4),
2 + cost(2,5)}
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DD :Shortestdistance fromi to jinvolving {1..k} only

-J

. =1 —1 —1 "
ok nuin( LI . D, - L0 ) tork =0
7 w, fork =0
ll# $_ 6
% ! UL S B 1" .PN 1 10 + )
I P 1& .PN 1 "o N |
o,
A% | 1 2 3 Al 1 2 3
1 (0] 4 11 1 0] 4 11
2 6 0 2 6 0
3 3 o 0 3 . 3 7 0
(a) Example digraph (b) A° (c)A!
A? 1 2 3 A3 1 2 3
1 0 4 6 1 0 4 6
2 6 0 2 2 5 0 2
3 3 7 0 3 \ 3 7 (0]
(d)A? (e) A3
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0 Algorithm AllPaths(cost, A, n)
1 // cost[l : n,1:n] is the cost adjacency matrix of a graph with
2 /[ n vertices; Afs, 7] is the cost of a shortest path from vertex
3 /[t tovertex j. costfi,i] = 0.0, for 1 <4 < n.
4
5] for i:=1tondo
6 for y:=1tondo
7 Ali, 7] := cost[i, j]; // Copy cost into A.
8 for k:=1tondo
9 fori:=1tondo

for j:=1tondo
Ali, g1 := min(A[i, 7], A[i, k] + A[k, 71);
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Through Node 2:
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1 2 3 @ 5
1 Lo e+ 3 5 8+
2 4 o 7T 1 2
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ey 5 b B L8] 3
5 5 1 “ 2 (8]
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1 Algorithm BellmanFord(v, cost, dist, n)
2 // Single-source/all-destinations shortest
3 // paths with negative edge costs
:
5 for i:=1 to n do // Initialize dist.
6 disti] := cost|v,i);
7 for k:=2ton—-1do
8 for each u such that v # v and u has
9 at least one incoming edge do
10 for each (¢,u) in the graph do
11 if dist[u] > dist[i] 4+ cost[i,u] then
12 distlu] := dist[i] 4 cost[i, u];
13}
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maximize E P
1<i<mn

subject to E WiT; < 1N
1<i<n

and 0 < x; < 1, 1 <z<n

N Al NNOO H-N !I( ! :,H
" N",! :AIl/H N T AL
[+ ,2B.# # +-1" + P+
+=E ! ", Al ;1 I(! Il
+0=E ! A A" A A " n"Al " o
+ ++ ., , - +*+(, (- ,-,-1 1 ++
2B.# # +-! -+ 1 = NS Em< E<" v
Example-1

N=3;m=6 (p1,p2,p3)=(1,2,5)
(w1,w2,w3)=(2,3,4)
Initially S°={0,0}

S0, ={1,2}

S =80 US® , ={0,0),(1,2);

S', ={(2,3),(3,5)}

S2=8" U8, ={(0,0),(1,2),(2,3),(3,5)}

$% ={(5,4),(6,6),(7,7),(8,9)}

=87 182, ={{0.0),(1.2),(2.3).(3.5).(64).06,6).(7,7),(8,9))
N=3, 2% = 8 pairs
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