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Agpendx A  Bulding Spreadihest Models

FIGURE A.16 EXCEL WORKSHEET USED TO CALCULATE TOTAL SHIPPING COSTS
FOR THE FOSTER GENERATORS TRANSPORTATION PROBLEM

Figure A.16 displays an Excel worksbeet for the Foster Generasors Problems that ap-
pears in Chapter 10, This problem involves the transpontation of 3 product from three plants
(Cloveland, Bedford. and York) 1o four dmanbation centers (Boston, Chicago. St. Louls,
and Lexingion). The costs for cach unit shipped from cach plant 10 each distribution center
are shown s cells BSE7, and the values in cells B17:E19 are the number of units shipped
froes cach plant to cach distribution cester. Celt W13 will contain the 1otal sramportation
cost corresponding %0 the transpOnAon Cost valuet i cells BSET and the values of the
aumber of umits shipped in cells BI7.E19

The following steps show how 10 wse the SUMPRODUCT function 10 compuie the sotal
rassporiation cost for Foster Generators

Step 1. Selecteell C13
Step 2. Click fx on the formula bar
Step X, When the Insert Function dialog Box appears
Select Math & Trig 1o e Or sedect a category box
Select SUMPRODUCT in the Select a fumcthon box (as shown in Figure A 15)
Clck OK
Step 4. Whaon the Function Argumsents bow appeans (see Figure A 17)
Entor 85:E7 in the Arrayl box
Enter BI7:E19 in the Arvay2 box
Click OK

The woekaheet then appears as shown in Figare A 18. The value of the 1otal trassportation
cost i cell C13 1s 39500, ar $39.500
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Transportation, Transshipment,

and Assignment Problems

A network model is one which can be represented by é’
a set of nodes, a set of arcs, and functions (e.g.
costs, supplies, demands, etc.) associated with
arcs and/or nodes.

Transportation and transshipment problems of this
chapter as well as the PERT/CPM problems (in .
Chapter 13) are all examples of network probler
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Transportation and Transshipment

Problems

Each of the problems of this chapter can be
formulated as linear programs and solved by gene
purpose linear programming codes.

For each of the problems, if the right-hand side
the linear programming formulations are all inte ger
the optimal solution will be in terms of integer valu

for the decision variables. .

However, there are many computer packages t
contain separate computer codes for these problems
which take advantage of their network structure

§
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Supply Chain Models

2] A supply chain describes the set of all
iInterconnected resources involved in producmg a
distributing a product.

@] In general, supply chains are designed to satisfty
customer demand for a product at minimum cos

Those that control the supply chain must makg’
decisions such as where to produce a product, |
much should be produced, and where it should
sent.
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Supply Chain Management

. SC = a sales-production-distribution ne

M = enabling conditions and enhancir “
(contractual, goodwill, competence) trustic
supply chain excellence

Retailer##

Supplier#tt——7m— Supplier##\ / \

Supplier##/ Factory DC  Retailer##

—— \*\ [

Vendor——  Wholesaler##
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Supply Chain Operations

Trigger:Acute
Shocks (e.g.
natural hazards)

Long Term

Forecasting Options of Network Topology

(Decision and/or Game Theory)

Medium Term

Forecasting Network Topology Fixed -
(1 month — 1 (Project Management)
yea)
Short Term Network Topology and Fleet
Forecasting Fixed (Transportation Method) |
(1-4 weeks)

.
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WAL-MART'S SUPPLY CHAIN MANAGEMENT PRACT
taster inventory turnover, accurate forecasting of invento
increased warehouse space, |

) http:// |
mohanchandran.ﬁles.Wordpress.co" 1,

2008/01 / wal-mart.pdf
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|. Guidelines for Transportation Model Formulation and

Solution Strategies

= Define the decision variables

= Write the objective in terms of t
decision variables.

o Write the constraints in terms of tr
decision variables.

= Construct a spreadsheet model and
for the optimal solution using Ex¢
Solver.
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l. Transportation Problem

Supply or origins Demand or destinations

(i) )

How many de
would the

Xij: No. of goods shipped from origin i to
destination j
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Transportation Problem

The transportation problem seeks to minimize the s
total shipping costs of transporting goods from m '
origins (each with a supply s;) to n destinations

with a demand d;), when the unit shipping cost
an origin, /, to a destination, j, is c;.

The network representation for a transportatio 7
problem with two sources and three destinatio
given on the next slide.
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Transportation Problem

Network Representation

Sources Destinations
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Transportation Problem

Linear Programming Formulation

Using the notation:
X; = number of units shipped from
origin i/ to destination j
c; = cost per unit of shipping from
origin i/ to destination j
S; = supply or capacity in units at origin /

d; = demand in units at destination j
continued

>
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Transportation Problem

Linear Programming Formulation (continued)

m
J
inj =d; forX=12,..,n Demand

X; > O foralljandj
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Using Excel Solver

- DecilonVisle
Develop your Excel model  yogeiouspus

=SUMPRODUCT(array 1, array 2)

» A

-~

=SUM(a range of cells) &

the Sum function adds all numbers in a range of cells am;
returns the result

2. Use the Solver to find solutions

.
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Transportation Problem

LP Formulation Special Cases
» Total supply exceeds total demand:

No modification of LP formulation is necessary.

* Total demand exceeds total supply: &5

™

Add a dummy origin with supply equal to the
shortage amount. Assign a zero shipping cost
per unit. The amount “shipped” from the

dummy origin (in the solution) will not actually
be shipped.
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Transportation Problem

LP Formulation Special Cases (continued)
e The objective is maximizing profit or revenue:

Solve as a maximization problem.
* Minimum shipping guarantee from j to J:

>
X2 L;

* Maximum route capacity from 710 J:

Xu-SLij
* Unacceptable route:
:“iv: 1T COTTCoOPOTTATT T UCcCIrST1OT

vgriable. ‘_
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Transportation Problem: Example #1

Acme Block Company has orders for 80 tons of =
concrete blocks at three suburban locations as follo
Northwood -- 25 tons, Westwood -- 45 tons, and
Eastwood -- 10 tons. Acme has two plants, each 0
which can produce 50 tons per week. Delivery cost
ton from each plant to each suburban location is:
on the next slide.

How should end of week shipments be made
the above orders?

Open the file (MGT355.Ch10.xls) and
the worksheet (1.Example 1-Template)™ss
S —
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Transportation Problem: Example #1

Delivery Cost Per Ton

Northwood Westwood Eastwood
Plant 1 24 30 40
Plant 2 30 40 42

ST iz
SO
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Transportation Problem: Example #1

Optimal Solution

Variable From To Amount  Cost
X11 Plant 1 Northwood 5 120
X457 Plant 1 Westwood 45 1,350
Xq3 Plant 1 Eastwood 0 0
Xy Plant2 Northwood 20 600
Xy Plant 2 Westwood 0 0
Xy3 Plant2 Eastwood 10 __ 420

Total Cost =
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Transportation Problem: Example #1 — What |IF

LP Formulation Special Cases

* Total demand exceeds total supply: Eastwood -- 40 tor |

Add a dummy origin (i.e. Plant 3) with supply equal to the
shortage amount. Assign a zero shipping cost

per unit. The amount “shipped” from the A
dummy origin (in the solution) will not actually
be shipped.

Open the file (MGT355.Ch10.xls) and
the worksheet (1.Example 1-What
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Transportation Problem: Example #1 — What |IF

i

]

'_ ™ Show Queries ¢lConnections 5, 7 A Y ) 4 ¥ = Corsoldate ?
= = I+ (A7 ;
From Table Propertis 4 : 8 Remove Dupkcates ptior
Get Bxternal  New _ Ro §| Sont  Filer Toat 1o 7 Data Vabdation What-if
Data*  Query - Recent Sources Edit Link > W Advanced Cobamns i el Analysis -

Lane e Tusoet, L Srut s Sdtos Deta Toois Fore

| Solver Rosults % |
!
Salver could not find a feasible solution. J K L M
Reports
Foasibility i
@ teep Sobver Scluticn Feaibility-Bounds

!

O sestore Origingl Valeos |

iodal Cases

[ Raturn to Solver Parameters Dialog [ Outline Reports !
id exceeds total supply:
0K l Cancel Save Scenanto... I !
1y ongin with supply equal to the

Solver could not find s feasible solution. tount. Assign a zero shipping cost

e amount “shipped” from the
i ' Sobver can not find a poist for which ol Comatraints are satiafied. n (in the solution) will not actually
o !

Ty TUemana T Fo v v ‘

20 Demand2 ~ 45

21 Demand3 " 30

22 [Tot. Cost:| $3.550

23

24

25
| » 1.Example 1 - Template 1.Example 1.ANS 1Example TWhat IF | 1. What IFANS  Toysius | Fig ... (¥
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Transportation Problem: Example #2

FIGURE 10.1
TRANSPORTATION PROBLEM

THE NETWORK REPRESENTATION OF THE FOSTER GENERATORS

Distribution Conters
(dewmation nodes)

Trampostation
Cost per Uni

Plamts - 000
(ongin nodos)

00

2000

250

1500

|

Open the file (MGT355:Ch10.xls) and logs

the worksheet (2.Figure10.1).

Image Credit: Text book
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Transportation Problem: Example #2

Image Credit: Text book

Min 3x,, + 2x,, + Tx,3 + 6x,4 + 7X5, + 5x5, + 205, + 34, + 2."3 . ) 5."13 T 4."1] . 5.‘1.
() 12 I3 14 21 22 23 24 3l A2 LX M

s.L
At Xt oxgtoxg
At xpt o apt X,
1 Xy
.l‘l’ + -"22
13 T Iy

X4 Xy

Il
r
&

X, =1 fori=1,2,3andj

.\.3| + .t\$

+ Xy
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Transportation Problem: Example #3

Downtown hospital has initiated a new procedure
to ensure that patients receive their meals
while the food is still as hot as possible. The
hospital will continue to prepare the food in
kitchen but will now deliver it in bulk (not
iIndividual servings) to one of three new se
stations in the building. From there, the fou
will be reheated and meals will be placed
individual trays, loaded onto a cart, and
distributed to the various floors and wings
the hospital.

Open the file (MGT355.Ch10.xls) and
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Transportation Problem: Example #3

The following table summarizes the number
of trays that each station can serve.

Location A G S

Capacity (Meals) [200 (225 [275

There are six wings that must be served. The
following table reflects the number of patients
in each wing.

Wing

Patients |80 |120 | 150 |210 |60 |80
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Transportation Problem: Example #3

The purpose of the new procedure is to
increase the temperature of the hot mea
that the patient receives. Therefore, the

amount of time needed to deliver a tray .
from a serving station will determine thq ’
proper distribution of food from serving
station to wing. The following table
summarizes the time (minutes) associate:
with each possible distribution channel
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Transportation Problem: Example #3

Wing 1 |Wing2 |Wing3 [Wing4 |Wing5 | Wing6

Station A |12 11 8 9 6 6
Station G |6 12 7 7 5 8
Station S |8 9 6 6 7 9

What is your recommendation for handling the
distribution of trays from the three serving stations?
(Formulate an LP to achieve your goal.)
(Optional) What are the important elements of servic:
quality? Explain how each contributes to the servi
quality? What analysis tools would you use?
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Transportation Problem: Example #4

Ashley’s Auto Top Carriers currently maintains
plants in Atlanta and Tulsa that supply m:
distribution centers in Los Angeles and I

York. Because of an expandi dg demand,

has decided to open a third plant and has
narrowed the choice to one of two cities—
Orleans or Houston. The pertinent produ
and distribution costs, as well as the pl
capacities and distribution demands, are
in the accompanying table. Which of th _
possible plants should be opened

Open the file (MGT355.Ch10.xls) anc
the worksheet (4.Location(option1
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To Distribution
Centers

From

Plants

Los
Angeles

New York

Normal
Production

Unit Productic
®)

Existing
Plants

Atlanta

$8

$5

600

Tulsa

$4

$7

900

Proposed
Locations

New $5 $6 500  (anticip
Orleans
Houston $4 $6* 500 (anti i

Forecast Demand

800

1,200

2,000

* Indicates distribution cost (shipping, handling, storage)
carrier if sent from Houston to
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System with New Orleans Factory
__

Atlanta
Tulsa 900
New Orleans 500

800 1200

i
System with Houston Factory
e —eL e L

Atlanta
Tulsa 900
Houston 500

800 1200
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Transportation Problem: Example #5

The Navy has 9,000 pounds of material in Alba
Georgia that it wishes to ship to three installations:
San Diego, Norfolk, and Pensacola. They requir
2,500, and 2,500 pounds, respectively. Government
regulations require equal distribution of shipping =
among the three carriers. N

Open the file (MGT355.Ch10.xls) anc
the worksheet (5.Example 5).
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Transportation Problem: Example #5

The shipping costs per pound for truck, railroad,
and airplane transit are shown on the next slide. |
Formulate and solve a linear program to determir
shipping arrangements (mode, destination, and
quantity) that will minimize the total shipping cost:'

N,

N
)

e
B
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Transportation Problem: Example #5

Destination
Mode San Diego Norfolk Pensacola

Truck $12 $6 $5

Railroad 20 11 9
Airplane 30 26

e
B
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Transportation Problem: Example #5

Define the Decision Variables

We want to determine the pounds of material, x

be shipped by mode i to destination j. The follc
table summarizes the decision variables:

San Diego Norfolk Pensacola
Truck o X157 Xq3
Railroad Xy 1 X5y X3
Airplane X31 X3 X33
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Transportation Problem: Example #5

Define the Objective Function

Minimize the total shipping cost.

Min: (shipping cost per pound for each mode pe |
destination pairing) x (number of pounds ship
by mode per destination pairing). ¥ \

A S \
N

-

v

Min 12x,, + 6x,5, + 5x,5 + 20X, + 11X,, + 9X,5
+ 30x3, + 26X, + 28X5,

o
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Transportation Problem: Example #5

Define the Constraints
Equal use of transportation modes:

(1) Xqq + X4 + X453 = 3000
(2) X1 + X + Xp3 = 3000
(3) X31 + X35 + X33 = 3000

Destination material requirements:
(4) X4y + X54 + X5, = 4000
(9) X4z + Xpp + X35 = 2500
(6) X453+ Xp3 + X33 = 2300

Non-negativity of variables: x.>0, jand ="
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Transportation Problem: Example #5

Computer Output

Objective Function Value = 142000.000
Variable Value

X, 1000.000
o 2000.000
X1s 0.000
Xy, 0.000
Xy 500.000
Xy 2500.000
Xa1 3000.000
Xs 0.000

o2 N NNN
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Transportation Problem: Example #5

Solution Summary
e San Diego will receive 1000 Ibs. by truck
and 3000 Ibs. by airplane.
* Norfolk will receive 2000 Ibs. by truck
and 500 Ibs. by railroad.
* Pensacola will receive 2500 Ibs. by rallroad’
* The total shipping cost will be $142,000.

ST iz
SO
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Il. Transshipment Problem

= transshipment problem: in practice,
some locations are used as intermediate
shipping points (known as

as origins and as destinations.

= Farm Market Problem
= Figure 10.4
= Figure 10.7

= Practice exam (1) — Problem 8
= Zeron Industries
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ll. Transshipment Problem

Transshipment problems are transportation problems
iIn which a shipment may move through intermediat
nodes (transshipment nodes) before reaching a
particular destination node.

[ Transshipment problems can be converted to large

transportation program.

@] Transshipment problems can also be solved by
general purpose linear programming codes.

The network representation for a transshipmen
problem with two sources, three intermediate n
and two destinations is shown on the next slide.

© 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted 44
in a license distributed with a certain product or service or otherwise on a password-protected website for classroom use.



ll. Transshipment Problem

Network Representation B

Cs6

Supply Cy7 | Demand |
C

82 % d2

Cs7 Destinations
Intermediate Nodes

Sources
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ll. Transshipment Problem

Linear Programming Formulation

Using the notation:
X; = number of units shipped from node i to node j

c; = cost per unit of shipping from node / to node j
S; = supply at origin node |

d; = demand at destination node j
continued

>
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ll. Transshipment Problem

LP Formulation Special Cases
e Total supply not equal to total demand
e Maximization objective function
e Route capacities or route minimums
¢ Unacceptable routes
The LP model modifications required here aré
identical to those required for the special cases

l L

the transportation problem. g

»

.
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Example in Point 1

Farm Market Problem

Market Demand (u
Farm Capacity (units) I
A 100 I
B 200 1
C 200

Open the file (MGT355.Ch10.xls) and
the worksheet (6.Farm-Market).

.
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A |\ /

below::

Sources of supply Transshipment points Destinations

&

~ ! i )
L
-~ s
. D )
\’ .
Y
W \ ;
3
4
v
.

Xii: No. of goods shipped from origin i to desti
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ree tfarms to the two warehouses and from
warehouses to the three markets are as fol

Warehouse
Farm ONE TWO
A 3 2
B 4 3
C 25 3.5
Market
Warehouse I [l
ONE 2 1
TWO 3 2

Solve the linear program to determine the minirr

Shiﬁﬁinﬂ schedule for the ﬁroblem.
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Example in Point 2

FIGURE 10,4 NETWORK REPRESENTATION OF THE RYAN ELECTRONICS
TRANSSHIPMENT PROBLEM

Retail Outlets
(destmation sodes)

\n
\
. .
=
=

Plasts Warchouses
(orgm nodes) (rsadipment nodes) 7~
" J
2 .'-—_'_/' "",
600 > ~
\_“ ..:-\ /
\ \ 7
\ AN 150
N ' ,/l
N /'- .'n r"
\'\. // "'. ¢ ”’
\ e \ \
\ /./ \Y N/
X A .
/ \\‘ ’." \/ /
’,x"l N\ !/ N
/"' ‘\‘x ,"A "‘.
/ ' 350
400 <
.
N0
Demands

Sugplics Distrsbution Rowses
(aecs)
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Example in Point 2

Image Credit: Text book

FIGURE 10.5 LINEAR PROGRAMMING FORMULATION OF THE RYAN ELECTRONICS
TRANSSHIPMENT PROBLEM

biin 21|3 + 3.‘]4 + 3—12.‘ + '.‘14 + ll}, + 6".‘6 + 3.’(.‘7 + 6"]8 + 4.“5 + 41.". + 6!‘7 + S'IJS

S.L
X3t Xy <600 | Origin node
Xy + Xy <400 ) constraints
-X13 =i=2gy + X+ X+ X+ Xy = 0 | Transshipment node
- X4 - X + Xys* Xggt Xgp+ age = O ) constraints
.'(35 + "Jj = 2m
X34 + Xy =150 | Destination node
X372 + Xy w350 | constraints
135 + Ay = 3m

x;20 forall iand )

Open the file (MGT355.Ch10.xls) and

the worksheet (7.Figure 10.4).
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Example in Point 3
igure

AGURE 10.7 NETWORK REPRESENTATION OF THE MODIFIED RYAN ELECTRONICS
TRANSSHIPMENT PROBLEM
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Example in Point 3

FIGURE 10.8 LINEAR PROGRAMMING FORMULATION OF THE MODIFIED RYAN ELECTRONICS
TRANSSHIPMENT PROBLEM

Min  2xo+ 3 +3x0 + Lxgy + 2xgg + 6y + Ingy + Oxgg+ e + Ay + Oy + 5x @
s.L
Xat Xy =600 SN .
Xy + Xay <400 Origin node constraints
: =0

X3 - X33 * Xt Xygt+ Xgp+ Xy . Transshipment node

- X4 - Xy t Xgst Nggt Xyt Xy = 0 constraints
.'(.\5 + IJ.‘ =2(X)
16 + X6 =150 Destination node
X37 + Xy 350 constraints
X% + Xy 300

x,20 forall iandj

Open the file (MGT355.Ch10.xls) a
the worksheet (8.Figure 10.7).
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Example in Point 4  Practice Exam (1, pages 24-25)

Sources of supply Transshipment points Destinations

450

600

380

Total: 1,430

Open the file (MGT355.Ch10. anadoc;
the worksheet (9.PE(Prob.s)).
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Example in Point 5  Practice Exam (1, pages 25-26 )

Sources of supply Transshipment points Destinations

450

600

380

Opén‘the file (MGT355.C \
the worksheet (10. PE(8) Wh \
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Example in Point 6 Transshipment Problem

The Northside and Southside facilities of Zeron -
Industries supply three firms (Zrox, Hewes, Rockrite)
with customized shelving for its offices. They both
order shelving from the same two manufacturers,
Arnold Manufacturers and Supershelf, Inc.

Currently weekly demands by the users are 50 for
Zrox, 60 for Hewes, and 40 for Rockrite. Both Arnold:
and Supershelf can supply at most 75 units to its
customers.

Additional data is shown on the next slide.

Open the file (MGT355.Ch10.xls) and

the worksheet (11.DIY).
e
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Example in Point 6

Because of long standing contracts based on
past orders, unit costs from the manufacturers to th
suppliers are:

Zeron N Zeron S

Arnold 5 8
Supershelf /4 4

The costs to install the shelving at the vario :
locations are:

Zrox Hewes Rockrite

Thomas 1 5 8
Washburn 3 4 4
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Example in Point 6

Network Representation

Zeron

75 (Arnold

Super Zeron

75 \ shelf 4 S
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Example in Point 6

Linear Programming Formulation
e Decision Variables Defined

Xx; = amount shipped from manufacturer j to supplier j

x;, = amount shipped from supplier j to customer k

J
where =1 (Arnold), 2 (Supershelf)
j =3 (Zeron N), 4 (Zeron S)
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Example in Point 6

Linear Programming Formulation
e Objective Function Defined
Minimize Overall Shipping Costs:

Min 5x,5 + 88Xy, + 7X55 + 4%y, + 1X55 + OX34

+ 8Xa7 + 3Xy5 T AXye + 4Xyy
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Example in Point 6

Constraints Defined

Amount Out of Arnold:
Amount Out of Supershelf:
Amount Through Zeron N:
Amount Through Zeron S:
Amount Into Zrox:

Amount Into Hewes:
Amount Into Rockrite:

Non-negativity of Variables: X; 2 0, for all fand j
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Example in Point 6

Computer Output
Objective Function Value = 1150.000

Variable Value

X13 75.000
X14 0.000
X23 0.000
X24 75.000
X35 50.000
X36 25.000
X37 0.000
X45 0.000
X46 35.000
X47 40.000

© 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted G()
in a license distributed with a certain product or service or otherwise on a password-protected website for classroom use.



Example in Point 6

Solution P

/5 (Arnold

14

Super
75 \ shelf 4
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l-assignment

Examples of Optimization
Problems - Frontline Syste

http://www.solver.com/optimization-
examples.htm

Focus your attention on the followi

-

»

Transportation Problems

ST iz
SO
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