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Background

The transportation model is one of the classic linear programming models. It provides the basis for more complex models such as the transshipment model (which includes intermediate distribution centers between the plants and the final destinations) and location-allocation models (where part of the decision is where to open plants and the other part is how much to make at each plant and where to ship the output). 

The transportation model has a special structure that allows it to be solved by hand. In fact, the examples in this module go straight from the data to the transportation matrix, without needing to provide the actual linear programming formulation. When solving these problems by hand, students need to always be aware of the two potential special cases and how to handle them: (1) unequal supply and demand, and (2) degeneracy. Instructors should also note that computer software can solve the transportation problem, including Excel OM and POM for Windows that have pre-defined modules for that task. 

Presentation Slides

INTRODUCTION (MC-1 through MC-3)

	MC-1	MC-2	MC-3

TRANSPORTATION MODELING (MC-4 through MC-8)
Slides 4-8:	The transportation model is also known as type of allocation model, because units are being allocated to various destination points. Slide 5 identifies the data necessary to solve the problem. Slides 6-8 (Table C.1, Figure C.1, and Figure C.2, respectively) set up an example problem with three origin points and three destinations. Slide 8 is called a transportation matrix. Its purpose is to summarize all relevant data and to keep track of algorithm components. 

	MC-4	MC-5	MC-6

	MC-7	MC-8

DEVELOPING AN INITIAL SOLUTION (MC-9 through MC-19)
Slides 9-12:	These slides describe how to set up an initial solution using the northwest-corner rule. The steps are described in Slide 9, and the rule is applied to the example problem in Slides 10-12 (Example C1).
Slides 13-19:	These slides describe how to set up an initial solution using the intuitive lowest-cost approach. The method makes intuitive sense (hence the name), and in most cases we would expect it to provide at least as good of a solution as the northwest-corner rule, which ignores costs. Slide 13 describes the steps. Slides 14-19 (Example C2) apply the rule to the example problem, step-by-step. For this example, the intuitive lowest-cost rule outperformed the northwest-corner rule by $100. If the intuitive lowest-cost method always moves from lower costs to higher costs, why doesn’t it produce the optimal solution every time? The reason is that it’s a myopic policy that creates opportunity costs and may prohibit better combinations of allocations. For example, it could be the case that destination Y has a slightly larger cost from plant W than destination X has. And suppose that W’s supply is exhausted when allocated to destination X using the intuitive lowest-cost method. A problem will occur if the cost to destination Y from all other plants is very high. It might have been better to ship from W to Y and ship to X from a different plant, as long as that shipping cost is not too high. 

	MC-9	MC-10	MC-11

	MC-12	MC-13	MC-14

	MC-15	MC-16	MC-17

	MC-18	MC-19


THE STEPPING-STONE METHOD (MC-20 through MC-27)
Slide 20-21:	Beginning with any initial feasible solution, the stepping-stone method will find the optimal solution to the transportation problem. These slides provide the steps for testing if an improvement is possible. Steps 1 through 4 are repeated for all unused squares (there will be rows × columns – (rows + columns – 1) of them in a non-degenerate solution). Note that only one closed route exists for each empty square.
Slides 22-24:	These slides (Example C3) apply the improvement step test to all four unused squares in the example problem. Since at least one path had a negative improvement index, the current solution is not optimal.
Slide 25:	This slide presents the improvement steps of the stepping-stone method when at least one improvement index is negative. 
Slides 26-27:	These slides (Example C4) apply the improvement steps to the Fort Lauderdale-Albuquerque path of the example problem. The example stops here; however, this solution is not yet optimal. A repeat of the improvement test steps would show that more improvement is possible.

	MC-20	MC-21	MC-22

	MC-23	MC-24	MC-25

	MC-26	MC-27

SPECIAL ISSUES IN MODELING (MC-28 through MC-31)
Slides 28-29:	Total demand often does not equal total supply. In that case, either a dummy row or a dummy column should be added with a dummy capacity or demand, respectively, equal to the shortfall. All cost coefficients in the dummy row or column should equal 0. From there, the stepping-stone method can be applied. Any final allocation in the dummy row or column represents either unmet demand or unused supply, respectively. Slide 29 inserts a dummy column (destination) for the case of supply exceeding demand. Note that the 150 units that appear in that column exactly equal the amount of excess supply.
Slides 30-31:	Slide 30 provides the definition of degeneracy. Before beginning the stepping-stone method, and after each new allocation, check to make sure that the solution is not degenerate. If it is, place a zero quantity in an unused square and proceed normally. Slide 31 shows how to do this. The solution was degenerate because only four squares were occupied instead of the required (3 + 3 – 1) = 5.

	MC-28	MC-29	MC-30

	MC-31

Additional Case Studies

Internet Case Study (www.pearsonhighered.com/heizer)

· Consolidated Bottling (B): This case involves determining where to add bottling capacity.

Ivey Case Study (https://www.iveycases.com)

· Northwest Newsprint, Inc. (A) (#9A98E035, © 2010)
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Learning Objectives

When you complete this chapter you
should be able to:

1. Develop an initial solutionto a
transportation models with the northwest-
comer and intuitive lowest-cost methods

2. Solvea problemwith the stepping-stone
method

3. Balance a transportation problem
4. Deal with a problemthat has degeneracy
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Transportation Modeling

» An interactive procedure that finds the
least costly means of moving products
from a series of sources to a series of
destinations

» Can be used to
help resolve
distribution
and location
decisions
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Transportation Modeling

» A special class of linear programming
> Need to know

1. The origin points and the capacity or supply
per period at each

2. The destinationpoints and the demand per
period at each

3. The cost of shipping one unit from each
origin to each destination
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Transportation Problem
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Transportation Matrix
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Northwest-Corner Rule

» Start in the upper left-hand cell (or
northwest corner) of the table and allocate
units to shipping routes as follows:

1. Exhaust the supply (factory capacity) of
each row before moving down to the next
row

2. Exhaust the (warehouse) requirements of
each column before moving to the next
column

3. Checkto ensure that all supplies and
demands are met
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Northwest-Corner Rule

Assign 100 tubs from Des Moines to Albuquerque
(exhausting Des Moines's supply)

Assign 200 tubs from Evansville to Albuquerque
(exhausting Albuquerque’s demand)

Assign 100 tubs from Evansville to Boston
(exhausting Evansville’s supply)

Assign 100 tubs from Fort Lauderdale to Boston
(exhausting Boston's demand)

Assign 200 tubs from Fort Lauderdale to Cleveland

(exhausting Cleveland’s demand and Fort
Lauderdale’s supply)
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Northwest-Corner Rule
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Northwest-Corner Rule
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Intuitive Lowest-Cost Method

1. ldentifythe cell with the lowest cost

2. Allocate as many units as possible to that
cell without exceeding supply or demand;
then cross out the row or column (or both)
that is exhausted by this assignment

3. Find the cell with the lowest cost from the
remaining cells

4. Repeat steps 2 and 3 until all units have
been allocated
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Intuitive Lowest-Cost Method
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Figure C.4
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Intuitive Lowest-Cost Method

B () ® (© | Factory

From Abuqueraue | Boston | clevelana | capacky
T T T

() Des Hones 900 CFT 100

[Ey— 2 [ 1 P E 3 %

[ET—— | T E 2 )

) 200 200 [ 200 | 700

Second, 3 is again the lowest cost cell 50 ship 100 units
from Evansyille to Cleveland and cross off column C as
Cleveland is satisfied rowece
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Intuitive Lowest-Cost Method
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Third, $4 s the lowest cost cell so ship 200 units from
Evansville to Boston and cross off column B and row E as

Evansville and Boston are satisfied
Figure C.4
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Intuitive Lowest-Cost Method
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Intuitive Lowest-Cost Method
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Intuitive Lowest-Cost Method
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Stepping-Stone Method

1. Selectany unused square to evaluate

2. Beginning at this square, trace a closed
path back to the original square via
squares that are currently being used

3. Beginning with a plus (+) sign at the
unused comer, place alternate minus and

plus signs at each corner of the path just
traced
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Stepping-Stone Method

4. Calculate an improvement index by first
adding the unit-cost figures found in each
square containing a plus sign and
subtracting the unit costsin each square
containing a minus sign

5. Repeat steps 1 though 4 until you have
calculated an improvement index for all
unused squares. Ifall indices are = 0, you
have reached an optimal solution.




image22.png
Stepplng-stone Method

Figure €5
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Stepping-Stone Method
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Stepping-Stone Method
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Stepping-Stone Method

. Ifan improvementis possible, choose the
route (unused square) with the largest
negative improvementindex

. On the closed path for that route, select
the smallest number found in the squares
containing minus signs

. Addthis numberto all squares on the
closed path with plus signs and subtract it
from all squares with a minus sign
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Stepplng-stone Method
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Figure C.7

3. Add 100 to route EB

1. Add 100 units on route FA
2. Subtract 100 from routes FB

4. Subtract 100 from route EA
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Stepplng-stone Method
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Special Issues in Modeling

4 Demand not equal to supply
4 Calledan unbalanced problem
4 Common situation in the real world

# Resolved by introducing dummy
sources ordummy destinations as
necessary with cost coefficients of

zero
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Special Issues in Modeling

# Degeneracy

4 Tousethe stepping-stone
methodology, the number of
occupiedsquaresinany solution
mustbe equalto the numberof
rows in the table plus the number
of columns minus 1

# If a solution does not satisfy this
ruleit is called degenerate
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Special Issues in Modeling
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