IE 400 2018-2019 Spring Study Set 3

1) Use the branch-and-bound method to find the optimal solution to the following IP:
Minimize 9x1 +13x2 +10x3 +8x4 +8xs
S.t.6X1+3X2+2X3+4X4+7X5240
X151, X221, X322, X421, X553

X1, X2, X3, X4, X520 integer

2) Usethebranch-and-bound methodtofindthe optimal solutiontothefollowing IP:

max z = 7x; + 3x,
S.1. -_."J.‘; + XS 9
3x; + x> = 13
Xy, Xz = 0; xy, x; integer

3) Usethebranch-and-bound methodtofindthe optimal solutiontothefollowing IP:

max = = 4x; + Sx,
S.1. 3x; + 2x; = 10
x; +4x = 11
3x; 4+ 35, =13
Xy, x> = 0 xy, x; Integer

4) Find the shortest path from node 1 to node 5 in the figure below:




5) Suppose it costs $10,000 to purchase a new car. The annual operating cost and resale value of a
used car are shown in Table 4. Assuming that one now has a new car, model and solve replacement
problemthatminimizesthe net costs of owning and operating a car for the next six years using
shortest path.

A Ay

1 FELLI] 304y (vear 1)
2 [ALLE SN} (vear 2)
3 S XL B0 (vear 3)
4 3,000 1,200 (year 4)
5 2,040 1,600 (year 5)
f [KLLT 2,200 (year &)

6) Find shortest paths from 1 to all other nodes using Dijkstra’s algorithm.




7) Find an order inwhich all these courses can be taken using topological ordering.

8) Use BellmanFordalgorithmtofindthe shortestpath ofthe followinggraphwhere Aisthe source
node:

9) Given anetwork, a special source node s and weights on arcs corresponding to heights, find from
sto every other node a path on which the highest height encountered is as few as possible.

a) Does principle of optimality apply for this problem? Why or why not?
b) Write down the functional equations corresponding to this variant of the shortest path problem.
¢) Solve the above functional equation by adapting an algorithm (state which one) designed for

solving the single source shortest path problem



10) For the following statements, indicate whether they are True or False. Either provide a counter
example or explain your answer.

a) Ifallarcs in a network have different costs, the network has a unique shortest path tree.

b) Given a graph with positive edge weights, Dijkstra’s algorithm and the Bellman-Ford algorithm can
producedifferentshortest-pathtrees despite always producingthe same shortest-path weights.

¢) Every directed acyclic graph has exactly one topological ordering.

d) Ina shortest path problem, if each arc length increases by k units, shortest path distances
increases by a multiple of k.

e) Inadirected networkwith positive arclengths, if we eliminate the directiononeveryarc (i.e.
make it undirected), the shortest path distances will not change.

f) Ifthe arc costs allincrease (decrease) by the same positive constantk, shortest paths do not
change.



