-

i \L t5lo-5N '

of /6

&35 MINIMAL-SPANNING TREE TECHNIQUE

This minimal-spannin ini i

g tree The minimal-spanning tre¢ technique i i
' involves connecting
technique connects nodes ata ; Ny necting 27
minimum distance.

length of telephone cable.

ihe Minimai-Spanning Tres Techniqus

ey

Siepsio
1. Select any node in the network.
5 . e
3. Connect this node to the nearest node that minimizes the total distance.
3. Considering all of the nodes that are now connected, find and connect the nearest 1
that is not connected. If there is a tie for the nearest node, select one arbitra i
suggests there may be more than one optimal solution.

4. Repeat the third step until all nodes are connected.

Let us consider the Lauderdale Construction Company which is currently develop

2 luxurious housing project in Panama City Beach, Florida. Melvin Lauderdale,
- president of Lauderdale-Construction, must determine the least
water and power t0 each house. The network of houses is shown
As seen in Figure 12.1, there are el
house in hundreds of feet is shown on the network. The

for example, is 300 feet. (The number 3 is between nodes 1
sed to determine the minimal distance thatcan b

in Figure 12.1.

ght houses on the gulf. The distance between €
distance between houses 1 an
and 2.) Now, the minima”

e used to con-

spanning tre¢ technique is
nect all of the nodes. The approach is outlined as follows:
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together while minimizing the distance between them. It has been applied, for exam
telephone companies to connect a number of phones together while minimizing the total
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Sofved Problem 12-1

Roxie LaMothe, owner of a large horse breeding farm near Orlando, is planning to install a complete
water system connecting all of the various stables and barns. The location of the facilities and the dis-
tances between them is given in the network shown in Figure 12.15. Roxie must determine the least

expensive way to provide water to each facility. What do you recommend?

Solution

This is a typical minimum-spanning tree problem that can be solved by hand. We begin by selecting
node 1 and connecting it to the nearest node, which is node 3. Nodes 1 and 2 are the next to be con-
nected, followed by nodes 1 and 4. Now we connect node 4 to node 7 and node 7 to node 6. At this point,
the only remaining points to be connected are node 6 to node 8 and node 6 to node 5. The final solution

can be seen in Figure 12.16.
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(3% 12-7 Bechtold Construction is in the process of installing
power lines to a large housing development. Steve
Bechtold wants to minimize the total length of wire
used, which will minimize his costs. The housing |
development is shown as a network in Figure 12.21.

| l

Each house has been numbered, and the distances 4
between houses are given in hundreds of feet. What
do vou recommend?

[ r

TSI TR T

12-7.

-2.4-5,7-9, 8-9,9-10, 10-11, 11-13, 13-14,
d substituting 9-12 for 13-14.

One optimal solution is shown. Connect 1-3, 1-4, 3-6,6-7,1
and 12-14. Alternate solutions can be found by substituting 3—4 for -4 an
Total distance = 45.
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{2+ 12-10 Because of a sluggish economy, Bechtold Construc- i
tion has been forced to modify its plans for the hous- i
ing development in Problem 12-7. The result is that
the path from node 6 to 7 now has a distance of 7.

What impact does this have on the total length of wire
needed to install the power lines?

e e t——— et
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12-10. The minimal-spanning tree téchnique is needed to solve
this problem. The minimum distance is 47 (4,700 fect). As you
can see. the final solution has changed.

Figure for Problem 12-10
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£212-12 The director of security wants to connect security video
cameras to the main control site from five potential trou-
ble locations. Ordinarily, cable would simply be run
from each location to the main control site. However,
because the environment is potentially explosive, the
Cflble must be run in a special conduit that is continually
air purged. This conduit is very expensive but large

enough to handle five cables (the maximum that might
be needed). Use the minimal-spanning tree technique to
find a minimum distance route for the conduit between
the locations noted in Figure 12.24. (Note that it makes
no difference which one is the main control site.)

12-12; This is the only optimum solution to this problem (177

units of length). (&D‘k‘} |
Anth
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{21215 Solve the minimal-spanning tree problem in the net-
work shown in Figure 12.26. Assume that the numbers
in the network represent distance in hundreds of vards.

$£212-16 Refer to Problem 12-15. What impact would changing

the value for path 6-7 to 500 yards have on the solu-
tion to the problem and the total distance?

S RE

Network for Problem 12-15

12-16. If the distance between nodes 6 and 7 becomes 5, the

-15 i the minimal-spanning tree problem re- ’ -1 ¢ e e il nerwort
” 13'. Th'e _SOIUUOI_‘ o of 21 (2,100 yards)f The final network minimum distance ct_mnges to ?3 ( ,?0 yards)
Sl in minimom disance . follows. Another optimal solution exists.
follows.

Figure for Problem 12-16

Figﬁre for Problem 12-15
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£212-26 The following table represents a network with the arcs
identified by their starting and ending nodes. Draw the
ne.tV{ork and use the minimal spanning tree to find the
minimum distance required to connect these nodes. '

3-5 8
4-5 8
4-6 11
5-6 9

pooks AMIWETY

12-26. Given the problem data, the network module in QM for
Windows gives the following minimal spanning tree results. The
branches 1-3, 2-3, 3-5, 4-5 and 5-6 are used to connect the
nodes, and the total distance is 40.

Start node Endnode Cost Include Cost

1 2 12
1 3 8 Y 8
2 3 7 Y 7
2 4 10
3 4 9
3 5 8 Y 8
4 5 8 Y 8
4 6 11
5 6 s X =




The shortest-route technique
minimizes the distance
through a network.

uvars S

Roads from Ray’s Plant to
Warehouse

The steps of the shortest-
technique.

SHORTEST-ROUTE TECHNIQUE

om one location to

rson or item can travel fr
it finds the shortest

The shortest-route technique finds how a pe
wraveled. In other words,

another while minimizing the total distance
route to a series of destinations.
Every day, Ray Design, Inc.,
from the factory to th
like to find the route wi

chairs, and other furniture items

must transport beds,
hrough several cities. Ray would

e warehouse. This involves going t
th the shortest distance. Theroa

d network is shown in Figure 12.10.

chnique )

ant). Put the distance in a box by the node.

1), and put the distance in a box by the

be checked to find the nearest node.
entire network. The last distance at

f the shortest route. You should note that the dis-

de is the shortest route t0 this node. These distances

ding the next-nearest node.

steps of ihe Shoﬁes%-aou‘u‘e Te
t node to the origin (pl

1. Find the neares
2. Find the next-nearest node to the origin (plan
node. In some Cases several paths will have to
ne through the

route

3.

the box by each no

tance placed in "
diate results in fin

are used as interme

t node to the plant is node 2, with2
jteration is shown in

can see that the neares

Looking at Figure 12.10, we
distance of 100 miles. Thus we will connect these tWo nodes. This first
Figure 12.1L
We look for the nearest node Now we look for the next-nearest node to the origin. We check nodes 3,4, and 5. Node
to the origin: 3 is the nearest, but there are twWo possible paths. Path 1-2-3 is nearest 0 the origin, with 3
total distance of 150 miles (see Figure 12.12).
First Iteration for Ray
Design
Plant
| S
5 50 2% 150 B
20p ,\QO r
iy 40 i Warehouse
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12.4: Shortest-Route Technique

second Iteration for Ray

Design

526 CHAPTER 12 Network Models

Third Iteration for Ray
Design

th and Final Iteration
for Ray Design

Four
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(2312-29 Use the shortest route algorithm to determine the
minimum distance from node 1 to node 7 in Figure
12.3 1. Which nodcs are included in this route?

BERR————"

L dows,
12-29. Using the shortest route technique 10 QM foir Vt\/t::c[l:b]e.
v;;: find the minimum total distance t0 be 16 as shown 10

mulative
Start Cul

End r
de Distance Distance

Node No

6
Branch 2 1 3 g 4
Branch 7 3 6 A

Branch 12 6




@Q’%% 3

Solve the shortest-route problem presented in the
network of Figure 12.29 on the next page, going from
node 1 to node 16. All numbers represent kilometers
between German towns near the Black Forest.

G221

Network for Problem 12-21

\ow
16 NODES

12-21. The shortest route from node 1 to node 16 is 74 kilome- [\[0 7— E !
ters. The solution along with the final network is shown in the fol- )

lowing table and in the figure below. s
| ApNswEl
Value D 0 5 { /’l/ ()7

1-3 15 :
3-7 11 J Tﬁ (v Kﬂ

7 18
11-14 16 :
14-16 14 n 4

A oAES
Shortest path:

1-3-7-11-14-16

Total shortest distance: 74.

Figure for Problem 12-21
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(2% 12-9 Transworld Moving has been hired to move the ottice
furniture and equipment of Cohen Properties to their
new headquarters. What route do you recommend?
The network of roads is shown in Figure 12.23. i

532 CHAPTER 12 Network Models

Network for Problem 12-9

od .
Office ;

12-9.

©
)

Old Office

240

The shortest route is 1-3-5-7-10-13. The distance is 430 miles.

New
QOffice

700.\,,
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Solved Problems 529

he network of Figure 12.19 shows the highways and cities surrounding Leadville, Colorado. Leadville
acturer, must transport his helmets to a distributor based in Dillon

Tom, a bicycle helmet manuf
Colorado. To do this, he must go through several cities. Tom would like to find the shortest way to get

from Leadville to Dillon. What do you recommend?

Dillon

Solution

This problem can be solved using the shortest-route technique discussed in the chapter. The nearest

node to the origin (Leadville) is node 3, with a distance of 90 miles. Thus, we put 90 ina box by node 3.
The next-nearest node to the origin is node 7 at 190 miles. Again, we put 190 in a box by node 7. Next is
node 11 at 280 miles and then node 14 at 370 miles. Finally, we see that the next-nearest (and final) node

is node 16 at 460 miles. See Figure 12.20 for the solution.
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(% 12-22 Due to bad weather, the roads represented by nodes 7
and 8 have been closed (see Problem 12-21). No traf-
ﬁc can get onto or off of these roads. Describe the
impact that this will have (if any) on the shortest
route through this network.

- R I BT

e o T

CHAPTER 12 NeTwork MODELS V 179

12-22. The impact of closing two nodes (nodes 7 and 8) is to in-
crease the shortest route from 74 to 76 kilometers. Note that all
paths into and from nodes 7 and 8 have their values changed to 2

very high relative number (10,000) to force these paths out of the
he final network is given

final solution. The solution along with t
below.

1-2

2-6 10

6-9 12
913 16
13-16 . 18
Shortest path:
1-2-6-9-13-16

Total shortest distance: 76.

Figure for Problem 12-22




{.'* 12-24 In going from Quincy to Old Bainbridge, there are 10
possible roads that George Olin can take. Each road can
be considered a branch in the shortest-route problem.
(2) Determine the best way to get from Quincy (node

1) to Old Bainbridge (node 8) that will minimize

total distance traveled. All distances are in hun-
dreds of miles.

b Loy
o

Branch 1 1

Branch 2 ] 3 2
Branch 3 2 4 3
Branch 4 3 5 3
Branch 5 4 5 1
Branch 6 4 6 4
Branch 7 5 7 2
Branch 8 6 7 2
Branch 9 6 8 3
Branch 10 7 8 6

(b) George Olin made a mistake in estimating the
distances from Quincy to Old Bainbridge. The
new distances are in the following table. What
impact does this have on the shortest route from
Quincy to Old Bainbridge?

Branch 4 3 5 1
Branch 5 4 5 1
Branch 6 4 6 4
Branch 7 5 7 2
Branch § 6 7 2
Branch 9 6 8 3
Branch 10 7 8 6
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12-24. a. Using the shoncs -route technique, George can deter-
mine the best way to go from Quincy to Old Bainbridge. The data
and results are below. As can be seen, the shortest route is to take
branches 2, 4, 7, 8 and 9 with a minimum distance of 1.200 miles.

Distance
3

Start Node End Node

Branch 1
Branch 2
Branch 3
Branch 4
Branch 5
Branch 6
Branch 7
Branch 8
Branch 9
Branch 10

NOOUDDWN =
CONNDOO A WN
AR NN R AR ANNY

Shortest Path
Total distance = 12

Start End
Node Node Distance

Cumulative
Distance

Branch 2
Branch 4
Branch 7
Branch 8
Branch 9

ONO W=

ooONOW

WNONWN
~

Minimum distance matrix
Node Node N

]
o
®
z
Q
o
9)

Node 1 0
Node 2 3
Node 3 2
Node 4 6
Node 5 5
Node 6 9
Node 7 7
Node 8 12 10 10

aNwhoN|®

Node 1
Node 2
Node 3
Node 4
Node 5
Node 6
Node 7
Node 8

NNONRARO=WHAG
WNOMBNNO
qOoONMNLOOO N
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12-24. b. George can use the shortest-route model to determine
the impact of the changes. The results are below. As you can see,
the new shortest route is 1,000 miles (called 10 in the printout
since units are in 100°s).

Start Node End Node Distance

Branch 1 1 2 3
Branch 2 1 3 2
Branch 3 2 a4 3
Branch 4 3 5 1
Branch 5 4 S 1
Branch 6 4 -6 4
Branch 7 5 7 2
Branch 8 6 7 2
Branch 9 6 8 3
Branch 10 7 8 6
Shortest Path
Total distance = 10

Start End Cumuilative

Node Node Distance Distance
Branch 2 1 3 2 2
Branch 4 3 5 1 3
Branch 7 5 7 2 5
Branch 8 7 6 2 7
Branch 9 6 8 3 10
Minimum distance matrix

Node Node Node Node

2

Node 1
Node 2
Node 3
Node 4
Node 5
Node 6
Node 7
Node 8

ONpPOOOOW

10
Node N

008_ NWOh2ONWR|H

Node 1

Node 2
Node 3
Node 4
Node 5
Node 6
Node 7
Node 8

-t -

GONNWWOO \18_ WON2NOON| W
®
Z

CUWNN®DOO
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Nvho=s2prwloBloaNEN®O|T
o
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%3 Before taking the self-test,

refer to the learning objectives at the beginning of the chapter, the notes

in the margins, and the glossary at the end of the chapter.

73 Use the key at the back of the book to correct your answers.
3 Restudy pages that correspond to any questions that you answered incor

uncertain about.

rectly or material you feel

W
.

Which technique is used to connect all points of a network

together while minimizing the distance between them?

a. maximal flow

b. minimal flow

¢. minimal-spanning tree

d. shortest route

e. longest span

The first step of the minimal-spanning tree technique is to

a. select the node with the highest distance between itand
any other node.

b. select the node with the lowest distance between itand
any other node.

c. select the node that is closest to the origin.

d. select any arc that connects two nodes.

e. select any node. '

The first step of the maximal-flow technique is to

a. select any node.

b. pick any path from the start to the finish with some
flow. -

c. pick the path with the maximum flow.

d. pick the path with the minimal flow.

e. pick a path where the flow going into each node is
greater than the flow coming out of each node.

In which technique do you connect the nearest node to the

existing solution that is not currently connected?

a. maximal tree

b. shortest route

c. minimal-spanning tree

d. maximal flow

e. ‘minimal flow

In the shortest-route technique, the objective is to deter-

mine the route from an origin to a destination that passes

through the fewest number of other nodes.

a. True

b. False

Adjusting the flow capacity numbers on 2 path is an

important step in which technique?

. maximal flow

. minimal flow

. maximal-spanning tree

. minimal-spanning tree

. shortest route

AN oR

7.

10.

il.

o
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When the optimal solution has been reached with the

maximal-flow technique, every node will be connected

withrat least one other node.

a. True

b. False

A large city is planning for delays during rush hour when

roads are closed for maintenance. On a normal weekday,

160,000 vehicles travel on a freeway from downtown to a

point 15 miles to the west. Which of the techniques dis-

cussed in this chapter would help the city planners deter-

rmine if alternate routes provide sufficient capacity for all

the traffic? :

a. minimal spanning tree technique

b. maximal-flow technique

c. shortest-route technique

The computing centerata major university s installing

new fiber optic cables fora campuswide computer net-

work. Which of the techniques in this chapter could be

used to determine the least amount of cable needed to

connect the 20 buildings on campus?

a. minimal spanning tree technique

b. maximal-flow technique

¢. shortest-route technique

In a minimal spanning tree problem, the optimal solution

has been found when

a. the start node and the finish node are connected by a
continuous path.

b. the flow from the start node is equal to the flow into
the finish node.

c. all ares have been selected to be a part of the tree.

d. all nodes have been connected and are a part of the -

tree.
is a technique that is used to find how a

[ ——
person or an item can travel from one location to another
while minimizing the total distance traveled.

The technique that allows us to determine the maximum
amount of a material that can flow through a network is

called -

The technique can be used to connect
all of the points of a nerwork together while minimizing
the distance between them.
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