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93-4. Formulate the shortest-path problem as a linear program-
ming problem.

9.3-5. One of Speedy Airlines’ flights is about to take off from
Seattle for a nonstop flight to London. There is some flexibility
in choosing the precise route to be taken, depending upon weather
conditions. The following network depicts the possible routes
under consideration, where SE and LN are Seattle and London,
respectively, and the other nodes represent various intermediate
locations. The winds along each arc greatly affect the flying time

etitor is plan-

9_3.6 Th > ~
Ailke , that a comp
Quick Company has Jearned th a great sales

"Ng 10 come ot with a new kind of product with

Potentia], Quick has been working on a similar product that had

*¢e1 scheduled o come to market in 20 months. FIOWEVED research

'S nearly complete and Quick’s management now wishes (o ush
© Product out to meet the competition.

(and so the fuel consumption). Based on current meteorologic
reports, the flying times (in hours) for this particular flight £
shown next to the arcs. Because the fuel consumed is so expe
sive, the management of Speedy Airlines has established a poli
of choosing the toute that minimizes the total tlight time.

(a) What plays the role of “distances” in interpreting this probl

to be a shortest-path problem?
(b) Use the algorithm described in Sec. 9.3 to solve this shorte

path problem.
¢ (c) Formulate and solve a spreadsheet model for this proble
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The cost of each phase at the di
is as follows:

$30 million for these four phases.
fferent levels under consideration

to the main office. 1t can
nected to another branch office that is conn

office be connected by some route to the main offig

The charge for the special phone lines is $100%‘-tm3§ﬁm
ber of miles involved, where the distance (in miles) bet ;
pair of offices is as follows:

Cost
Initiate
Design of Production
Remaining Manufacturing and
Level | Research |Development System Distribution
Normal| $3 million — — —
Priority| $6 million | $6 million $9 million $3 million
Crash | $9 million [ $9 million $12 million $6 million

Management wishes to determine at which level to conduct each

of the four phases to minimize the total time until the product can

be marketed subject to the budget restriction of $30 million.

(a) Formulate this problem as a shortest-path problem.

(b) Use the algorithm described in Sec. 9.3 to solve this shortest-
path problem.

9.4-1." Reconsider the networks shown in Prob. 9.3-3. Use the ai-
gorithm described in Sec. 9.4 to find the minimum spanning tree

for each of these networks.

4-2. The Wirehouse Lumber Company will soon begin logging
ght groves of trees in the same general area. Therefore, it must

develop a system of dirt roads that makes each grove accessible

<from every other grove. The distance (in miles) between every pair

N

f groves is as follows:
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~ Source

Distance between Pairs of Offices
Main B B2l BSENEREES
Main office — 190 70 115 270
Branch 1 190 — 100 110 215
Branch 2 70 100 — 140 120
Branch 3 115 110 140 — 175
Branch 4 270 215 120 175 pin
Branch 5 160 50 220 80 310

SEELNE L

Nznaoement wishes to determine which pairs of offices should

Hire connected by special phone lines in order to connect e

branch office (directly or indirectly) to the main office at a mip

total cost.

(a) Describe how this problem fits the network description o
minimem spanning tree problem.

() Use the algorithm described in Sec. 9.4 to solve the prob

e

le

9.5-1.” For the network shown below, use the augmenting path
gorithm described in Sec. 9.5 to find the flow pattern gving
maximum flow from the source to the sink, given that the arc (
pacity from node i to node j is the number nearest node i along
arc between these nodes. Show your work.
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R1 FSRR6D — A 60 45 — D 120
R2 40 50 60 B 70 455145 E 190
R3 — 80 70 (@ — /0 90 F 130
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The city water manager wants to deterintic

maximize the flow of water to the city.

(a) Formulate this problem as a maximur: [fow problem by iden-
tifying a source, a sink, and the transshipment nodes, and
then drawing the complete network that shows the capacity
of each arc.

(b) Use the augmenting path algorithm described in Sec. 9.5 to
solve this problem.

€ (¢) Formulate and solve a spreadsheet model for this problem.

a flow plan that will

95-4. The Texago Corporation has four oil fields, four refineries,
and four distribution centers. A major strike involving the trans-
Portation industries now has sharply curtailed Texago’s capacity to
34 oil from the oil fields to the refineries and to ship petroleqm
Products from the refineries to the distribution centers. Using units
O thousands of barrels of crude oil (and its equivalent in refined
Products), the following tables show the maximum number of units
that cap pe shipped per day from each oil field to each refinery,
d from each refinery to each distribution center.

Refinery

Pittsburgh Atlanta

'h—_

Refinery

New Orleans 5 9
Charleston 8
Seattle 4
St. Louis 2

(b)

fields, refineries, and distribution ce
the flow of crude oil and then petrol
distribution network. Y

ing refineries in a second co
senting distribution centers
to show the possible floy
Modify the network in
problem as a maximum
single sink, and a capac
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ass or leave siding i (i =0, 1, . . ., S) at time

e 9)only iF it would not be overt i by a

cauied passenger train before reaching siding i + 1 (let §;; = 1

\%W 1d not be overtaken, and let §; ; = 0ifit would be). A freight

- train also is required to Stop at a siding if there will not be room
for it at all subsequent sidings that it would reach before being over-
taken by a passenger train,

Formulate this problem as a maximum flow problem by iden-
tifying each node (including the supply node and the demand node)
as well as each arc and its arc capacity for the network represen-

_ tation of the problem. (Hins: Use a different set of nodes for each
of the 240 times.)

9.5-6. Consider the maximum flow problem shown below, where
the source is node A, the sink is node F, and the arc capacities are
the numbers shown next to these directed arcs.

) Use the augmenting path algorithm described in Sec. 9.5 to

solve this problem. i
'b) Formulate and solve a spreadsheei model for this problem.

-

Factory 1
Factory 2

Distribution center

Allocation

O

T o4
y o :
(a) Formulate the network representation of this proble
imum cost flow problem. o708
(b) Formulate the linear programming model for th

: LR TRy
9.6-3. Reconsider Prob. 9.3-1. Now formulate s_..rl ﬂ‘ len
s i o 3} W e
minimum cost flow problem by showing the pprog
representation. PN

SN

.54, The Makonsel Company is a fully’intégfa%'éﬁ%;,;i
hoth produces goods and sells them at its retail outlets.

duction, the goods are stored in the company’s’fﬁ?g%;;
til needed by the retail outlets. Trucks are us*éfd”fé ‘
goods from the two plants to the warehouses, anc
warehouses to the three retail outlets. o) G

Using units of full truckloads, the foll wing tat

plant’s monthly output, its shipping cost per truckloa !
warehouse, and the maximum amoun
to each warehouse.

To ‘Unit Shipping Cost .
From\| Warehouse 1 Warehpl’.isg
Plant1|  $425 5560
Plant 2 $510 $600
For E‘each)‘"i_ !
. 5.6. demand, its sh-i;;gpi’,
Bagposicer e przziefrli:)jvh;‘;ill:rrini):éliding the maximum aimﬂ

ate this problem as a | minimum ¢
the arc A — F. Use F = 20.

warehouse.




roblem as a minimum cost flow‘.problem by
he necessary data into this network.
d solve a spreadsheet model for thlS problem.

_,.Audioﬁle Company produces boomboxes. However,
ment has decided to subcontract out the production of the
needed for the boomboxes. Three vendors are available
_;y the speakers. Their price for each shipment of 1,000

$22,500
$22,700
$22,300

Each ship-
Bach ven-
ng cost based on

In addition, each vendor would charge ¢
ment would go to one of the company s tw
dor has its own formula for calculating
the mileage to the warehouse. These formulas and the mileage data
are shown below.

Charge per Shlpment

$300 + 40¢/mile
$200 + 50¢/mile
$500 + 20¢/mile

Warehouse 2

Warehouse 1

400 miles
600 miles
1,09Ql‘l:n'ilgs

1,600 miles
500 miles
- 2,000 miles

mpany’s two f tories naeds“
e into the boom 0XES,

able ‘t'o

warehouse. S

of only 6 shipmen
Management now

garding how many shipments

how many of those shipment

tory. The objective is to minimize

(including the shipping charge) a

warehouses to the factories.

(a) Draw a network that depi
Identify the supply nodes, tram !
nodes in this network

a dummy demand node that receive
used supply capacity at the vendor.

¢ (c¢) Formulate and solve a spreadsh

¢ (d) Use the computer to solve this prob le

the G values (costs per unit flow) are gt
u;; values (arc capacities) are giv
the following work manually.
(a) Obtain an initial BF solution b
tree with basic ares A — B,




(a reverse arc), where one of the nonbasic arcs (C — B) also is
a reverse arc. Show the resulting network (including &,, ¢;;, and
uy) in the same format as the above one (except use dashed
lines to draw the nonbasic arcs), and add the flows in paren-
theses next to the basic arcs.

(b) Use the optimality test to verify that this initial BF solution is
optimal and that there are multiple optimal solutions. Apply one
iteration of the network simplex method to find the other opti-
mal BF solution, and then use these results to identify the other
optimal solutions that are not BF solutions.

(¢) Now consider the following BF solution.

Basic Arc Flow Nonbasic Arc
A—-D 20 A— B
B 10 A-C
-3 E 10 B— D
D— E 20

Starting from this BF solution, apply one iteration of the network
simplex method. Identify the entering basic arc, the leaving basic
arc, and the next BF solution, but do not proceed further.

.7-2. Reconsider the minimum cost flow problem formulated in

rob. 9.6-1.

1) Obtain an initial BF solution by solving the feasible spanning
tree with basic arcs A — B,A — C,A — F, B— D, and F —
F, where two of the nonbasic arcs (E — € and F — D) are
reverse arcs.

' (b) Use the network simplex method yourself (you may use

the interactive procedure in your IOR Tutorial) to solve this
problem.

-3. Reconsider the minimum cost flow problem formulated in

b. 9.6-2.

Obtain an initial BF solution by solving the feasible Spanning

tree that corresponds (o using just the two rail lines plus fac-

tory I shipping to warehouse 2 via the distribution center.

b) Use the network simplex method yourself (you may use
the interactive procedure in your IOR Tutorial) to solve this
problem.

.7-4. Reconsider the minimum cost flow problem formulated
b. 9.6-3. Starting with the initial BF solution that corresponds
placing the tractor every year, use the network simplex
xd yourself (you may use the interactive procedure in your
utorial) to solve this problem,

/-5. For the P & T Co. transportation problem given in Table
nsider its network representation as a minimum cost flow

‘-*“_——“—‘H—.‘m_“__?_&

i,

problem presented in Fig. 8.2. Use the northweg; .
tain an initial BF solution from Table 8.2, Thentorner Tule
simplex method y(_)urself (You may use the inler: S € the .
in your IOR Tutorial) to solve this Problem (354 t{tlv.e Toceg

erlfy th
e

mal solution given in Sec. 8.1).
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9.7-6. Consider the Metro Water Distri
presented in Table 8.12.

(a) Formulate the network representation of thjg prob
imum cost flow problem. (Hinz: Arcs Where floy, ie;m
should be deleted.) :

DI (b) Starting with the initial BF solution giyep in

use the network simplex method yourself (yoy p, ; :
interactive procedure in your IOR Tutorial) ¢, ng e

problem. Compare the sequence of B smu%n; ok:;e-i .
with the sequence obtained by the transportatiqy, . Aingg
method in Table 8.23. StMpley

ct transponation Proby
C

By Mip.
pmhibhed

T&ble 8

D.I 9.7-7. Consider the minimum cost flow problem showy

low, where the b; values are given by the nodes, tho €57 val ¥
s : * vk Vel

are given by the arcs, and the finire ui; values are givey i, 4

: i | parep.
theses by the arcs. Obtain an initial BF solution by wnlvi{ y

i : g i ng the
feasible spanning tree with basic arcs A —s C.Bs i («; D
and C' — E, where one of the nonbasic arcs (D _, AYis ape
verse arc. Then use the network simplex method yourself (yoy

may use the interactive procedure in your IOR Tutorial) 1 solve
this problem.
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9.8-1. The Tinker Construction Company is ready to beg’ :
ect that must be completed in 12 months. This project hi

tivities (A, B, C, D) with the project network St B
The project manager, Sean Murphy, has concluded that '© =

£ 5 seities 1n e
meet the deadline by performing all these activities 1f; <
way. Therefore, Sean has decided to use the CPM metho® ng
; oot way of Crasiie
cost trade-offs to determine the most economical way ¢ o datd

the project to meet the deadline. He has gathered the follo”
for the four activities.



