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1. The cost function i€’ (f) = Z e fe + Be.

ecL
Start with direct routing. The cost of the network are showFRigure 2 (a). Total cost is 28 units.

) ) loads fe after loads fe after
direct routing cost iteration 1 iteration 2

Figure 1: Minoux’s greedy algorithm.

Iteration 1. Calculate the change in cost if each route is removed:

A =(z+azx—ap)fio—Prz2=1+1-1)x1-1=0
Az =(atasg—o3)fis—Pz=1+1-1)x4-4=0
Ay =(et+ae—og)fiu—Pu=01+1-1)x0-6=—6
Aoz = (g +azqg —o3)fos =Pz =(14+1-1)x1-3=-2
Ngy = (ona+ogs—oos)foa —Poa=1+1-1)x4-2=2
Azy = (o3t —a34)fsa—Pa=(1+1-1)x1-1=0

The minimum occurs for link1,4), with a value of—6 < 0, so we remove this link, and the new cost will be
28 — 6 = 22. Reroute the traffic from link1, 4) along pathl — 2 — 4 (Note there are two alternative paths here, the
other isl — 3 — 4). The new network loads are shown in Figure 2 (b). Note theysdH just the direct routing loads,
because there was no direct path traffic on link 4.

Iteration 2: Calculate the change in cost if each route is removed:

Ay =(oaz+azs—ar2)fiz—P2=1+1-1)x1-1=0
Az = (gt as—o3)fis—Pz=1+1-1)x4-4=0
Aoz = (crog+azq —o3)fos =Pz =(14+1-1) x1-3=-2
Agy )
Azy

= (0412+a14—0424)f24—624=(1+1—1 X4—-2=2
= (04234—(124—0434)][34—634:(1+1—1) x1—-1=0
The minimum occurs for link2, 3), with a value of—2 < 0, so we remove this link, and the new cost will be
22 — 2 = 20. Reroute the traffic from link2, 3) along patt2 — 4 — 3 (note that there are actually two possible paths

we might choose, the alternative2s- 1 — 3). The new network loads are shown in Figure 2 (c).
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Iteration 3: Calculate the change in cost if each route is removed:

JAND) :(0413-‘1-0434-‘1-0441—alg)flg—ﬁm:(1+1+1—1)X1—1:1
A3 :(0412+0424+0443—a13)f13—513:(1+1+1—1)><4—4:4
Aoy = (o1 +aiz+azs —ao)fos —Poa=(1+1+1-1)x5-2=38
Azy =(azi+oiztag—az)faa—Paa=(1+1+1-1)x2-1=3

All are positive, so the final network is the network shown igufe 2 (c), with cost 20. This shows a heuristic solution
to find the minimum cost solutoin. Because it is a heuristie,d®@ not know if it is the true minimum without doing
more work (e.g. Branch and Bound).

Note alterantive\. given alternative route choice at iteration 2 is

Ais =3
Az =

Aoy =6
Azy =1

2. Apply Minoux’s greedy algorithm to the networkshown img&ie 3 costs, and traffic as shown in the figure. Show all
working! Note that for your convenience the costs and traffecalso defined in the matrices below.

cost apq cost PBpq traffic tpq

Figure 2: A network and associated costs and traffic.

01 2 3 1 01 4 6 1 01 4 0 1
1 0 3 1 2 1 0 3 2 1 1 01 4 2
a=23 031, p=|143012]|, T=]l41011
3 1 3 0 2 6 2 1 0 1 04 1 0 2
1 2 1 2 0 1 1 2 1 0 1 2 1 2 0
Iteration 1, current cost =51.0
Ay, = 1.00
Ayg = —4.00
Ayy = —6.00
Ays = 1.00
Agys = =3.00
Ayy = 10.00
Aps = —1.00
Azy = —1.00
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The minimumA = —6.0, for link (1,4)
The corresponding route is 4-2-1
The resulting links loads f are

Iteration 2, current cost = 45.0

The minimumA = —4.0, for link (1,3)
The corresponding route is 3-5-1
The resulting links loads f are

Iteration 3, current cost =41.0

The minimumA = —3.0, for link (2,3)
The corresponding route is 3-5-2

As,

Ay

0.0
1.0
4.0
0.0
1.0

0.0
1.0
0.0
0.0
5.0

AN
Ar

1.0
0.0
1.0
4.0
2.0

1.0
0.0
1.0
4.0
2.0

Ag 3
ACW

Ay

As g
Az s
Ay

0.00
1.00

4.0
1.0
0.0
1.0
1.0

0.0
4.0
1.0
0.0
2.0

1.00
—4.00
1.00
—3.00
10.00
—1.00
—1.00
0.00
1.00

0.0
1.0
0.0
1.0
5.0

0.0
4.0
1.0
0.0
2.0

1.00
9.00
-3.00
10.00
—1.00
—1.00
18.00
1.00

1.0
2.0
1.0
2.0
0.0

5.0
2.0
5.0
2.0
0.0
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The resulting links loads f are
0.0 1.0 0.0 0.0 5.0
1.0 0.0 0.0 4.0 3.0

0.0 40 1.0 00 20
50 3.0 6.0 2.0 0.0

Iteration 4, current cost = 38.0

Ay, = 1.00
Ays = 9.00
Agy = 10.00
Ags = —1.00
Asq = —1.00
Ass; = 22.00
Ays = 1.00

The minimumA = —1.0, for link (3,4)

The corresponding route is 4-5-3

The resulting links loads f are
0.0 1.0 0.0 0.0 5.0
1.0 0.0 0.0 4.0 3.0

f=1 00 00 0.0 00 7.0

0.0 40 0.0 0.0 3.0
5.0 3.0 70 3.0 0.0

Iteration 5, current cost = 37.0

Ars = 1.00
Ars = 9.00
Ass = 10.00
Aps = —1.00
Azs = Inf
Ars = 2.00

The minimumA = —1.0, for link (2,5)

The corresponding route is 5-1-2

The resulting links loads f are
0.0 40 0.0 0.0 8.0
40 0.0 0.0 4.0 0.0

f= 0.0 0.0 0.0 0.0 7.0

0.0 40 0.0 0.0 3.0
80 0.0 7.0 3.0 0.0

Iteration 6, current cost = 36.0

Arp = 11.00
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Ais
Az 4
As s
Ay

The minimumA = 0.0 > 0 so STOP

Final Solution: Cost = 36

connectivity =

~
|
o O OO

= O o= O

O = OO = - ~

N O O OO

23.00
10.00
Inf
2.00

O = O O
= O O oo

W o O = O

S WO 0o

~ s = O O = O

O~ = O

Figure 3: Final network for part 2.

In both cases the optimal solution is found, but this is n@rgateed by the algorithm.




