Transportation,
Transshipment, and
Assignment Problems

Chapter 6

Copyright © 2013 Pearson Education, Inc. Publishing as Prentice Hall

0-1

Chapter Topics

m The Transportation Model

m Computer Solution of a Transportation Problem
B The Transshipment Model

m The Assignment Model

m Computer Solution of an Assignment Problem

Copyright © 2013 Pearson Education, Inc. Publishing as Prentice Hall

6-2




Overview

m Part of a class of LP problems known as network flow models.
m Special mathematical features that permit very efficient, unique
solution methods (vatiations of traditional simplex procedure).

m Detailed description of methods is contained on the companion
website

B Text focuses on model formulation and solution with Excel and
QM for windows.

m Web site Module B addresses transportation and assignment
solution methods
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The Transportation Model: Characteristics

m A product is transported from a number of sources to a number of
destinations at the minimum possible cost.

m Each source is able to supply a fixed number of units of the
product, and each destination has a fixed demand for the
product.

m The linear programming model has constraints for supply at each
source and demand at each destination.

m All constraints are equalities in a balanced transportation model
where supply equals demand.

m Constraints contain inequalities in unbalanced models where supply
does not equal demand.
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Transportation Model Example
Problem Definition and Data

How many tons of wheat to transport from each grain
elevator to each mill on a monthly basis in order to
minimize the total cost of transportation?

Grain Elevator Supply Mill Demand

1. Kansas City 150 A. Chicago 220

2. Omaha 175 B. St. Louis 100

3. Des Moines 275 C. Cincinnati 300
Total 600 tons Total 600 tons

Transport Cost from Grain Elevator to Mill ($/ton)

Grain Elevator | A. Chicago B. St. Louis C. Cincinnati
1.Kansas City $6 $8 $10
2.0maha 7 11 11
3.Des Moines 4 5 12
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Transportation Model Example
Transportation Network Routes

=]

Chicago

Figure 6.1 Network of transportation routes for wheat shipments
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Transportation Model Example
Model Formulation

Minimize Z = $6x,, + 8xy5 + 10x,c + 7x,4 + 11x,5 + 11x, +
4x5, + 5x55 + 12x%5¢
subject to:
Xz T Xy T X3¢ = 150
Xo0 T Xop T Xpc = 175
x50 T X3 + X530 = 275
X0 T X0 x5, = 200
x5 T Xop T X35 = 100
Xyc T Xpe T X3¢ = 300
x; 20

X = tons of wheat from each grain elevator,1i,i=1,2,3

to each mill j, ] = A,B,C
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Transportation Model Example
Computer Solution with Excel (1 of 4)

= g =
s - | ="}

© Advary

= Objective function J

c10 - Je | = SUMPRODUCT(CS:E7,K5:M7)
A B Cc D E F G H I J K L M N

1 The Wheat Shipping Example

2 Shipping costs ($/ton,

3 Mills Grain Mills

4 Grain Elevators | Chicago | St. Louis |Cincinnati| Supply | Shipped Grain Elevators | Chicago | St. Louis | Cincinnati

5 Kansas City 25 0 125 150 150 Kansas City [ 8 10

6 Omaha 0 0 175 175 175 Omaha 7 1 11

7 Des Moines 175 100 0 275 275 Des Moines 4 5 12

8 Demand | 200 100 300 600

9~ Grain Shipped | 200 | 100 \| 300

10 Cost= | 4525 =C7+D7+E7 -

11 Cost array in
= =g : cells K5:M7

D5+D6+D7 Decision variables

in cells C5:E7

Exhibit 6.1
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Transportation Model Example
Computer Solution with Excel (2 of 4)

)
S— - i

Set Objective: $C510

To: ) Max @ Mig. () Value OF: o

By Changing Variable Cells:
$C85:$E87

[ Supply constraints

Subject to the Constraints:

Add

Cow
[Demand constraints [ o= ]

Reset Al
| - Load/Save

[¥]f¥iake Unconstrained Varizbles Non-Negative !

Select 2 Solving Method: Smplex 1P [~

Salving Method

Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine for linear Solver Problems, and select the Evolutionary engine for Salver problems that are
non-smooth

| = Ce= = |

Exhibit 6.2
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Transportation Model Example
Computer Solution with Excel (3 of 4)

Home  Insert  Pagelayout  Formulas | Data | Review  View

AR D B D B Y
il

1 E = B e

From From From FromOther | Existing | Refresh z| sot | Fiter o Textto Remove  Data  Consolidate Whatf | Group Ungroup Subtotal
Access Web  Text Sources~  Connections | Allx =2 Edit Links i Advanced | Columns Duplicates Validation * Analysis - M
Get External Data Connections Sort & Filter Data Tools Outline
C10 - J= | =SUMPRODUCT(C5:E7,K5:M7)

A B C D E [ G H | J K L M N

1 | The Wheat Shipping Example

2 Shipping costs ($/ton)

3 Mills Grain Milis

4 Grain Elevators | Chicago | St. Louis | Cincinnati| Supply | Shipped Grain Elevators | Chicago | St. Louis | Cincinnati
5 Kansas City 25 0 125 150 150 Kansas City 6 8 10
[i] Omaha 0 0 175 175 175 Omaha 7 " 11
7 Des Moines 175 100 0 275 275 Des Moines 4 5 12
8 Demand| 200 100 300 600

9 Grain Shipped 200 100 300

10 [ Cost = 4525

"

Exhibit 6.3
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Transportation Model Example
Computer Solution with Excel (4 of 4)

Kansas City 25 Chicago
(1350 (200)
125 173
Dmaha St. Louis
(175) 175 100 {100)
Des Moines Cincinnati
(275) {200)

Figure 6.2 Transportation network solution for wheat-shipping example
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Transportation Model Example
Computer Solution with Excel QM (1 of 3)

Spreadsheet Initialization l&]

Title: |Wheat Shipping Example Sheet name:
Enter the number of origins 3 =
Mame for origin Grain Elevator

(Use A for A,B,C...orafora, b, c...)

Enter the number of destinations 3 =
Mame for destination Mill
Objective
- - Use Default Settings
() Maximize
@) Minimize Help ] [ Cancel ] [ ok ]

Exhibit 6.4
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Transportation Model Example
Computer Solution with Excel QM (2 of 3)

1. Click on “Add Ins,” then “Excel QM”
or “Taylor” to access the macro menu

Fomulas  Data ~_Revew  View | Adddn

o & ® e QW

Unioad Excel M T Avout @ Heip

PR
822 - £ ~SUMPRODUCT(E10:012,817:013)
A B [S D E_| F s W [ 7 r . « '
1 Wheat Shipping_Example | L | (3- Click on “Data,
2 i i T
. ‘ i “Solver,” and then
: n | “Solve.”
B |
s -
8 Data | |
9 COSTS Chicago SI Louis_Cincinnali__Supply
10 Kansas City 6§ 8 10 150
11 Omaha 7 11 11 175
12 Des Moines 4 5 12 275
13 Demand 200 | 100 300 | 6001600
14
15 Shipments .
16 Shipments Chicago|[ St Louis|Cincinnati] Row Total 2. Enter data values
17 Kansas City 0 L
18 Omana 0 for problems; initially
19 Des Moines 0 K K
20 Column Total 5 o G 010 kth1s array is blank
2n |
23 i ]
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Transportation Model Example
Computer Solution with Excel QM (3 of 3)

[Ch'ck on “Data” tab and then “Solver” J

Home Insert  Pagelwout  Fomulas | Dats | Rewiew  View  Adddns

A BB ) ) 3 Beomncaions 4| BT P 2832 = fm =? 5 T Salver
Fom From From fromOtr | Eng | Refresn gl son fme o e ) Comsolicate whatsr naroup Subtotal
Access Web  Ted  Sour Connedians | A~ % advanced | Columns Duplicates Validalior Analysis - -
Dela - 1e Data Taal Cutline 2| analysis

=

B2z - £ =SUMPRODUCT(B10:D12,817:D19)

A B c "] 3 F G H 1 ] K L [ N o 3

1 Wheat Shipping Example
2 |
3 Transportation
4 T R I e eT o8 S bt e et go to the DATA Tab on the ribbon. click on
5 o i@ Analysis Group and then clic
6 on the Data Tab then please st file (Solver) for instructions
7
8 Data i I
9 COSTS Chicago St Louis Cincinnati Supply
10 Kansas City [ 8 150
11 Omaha 7 K] 175
12 Des Moines 4 5 275
13 Demand 200 100 300 600 \ 600
14
15
16 Shipments Chicago | St. Louis | Cincinnati| Row Total
17 Kansas City 150 150
18 Omaha 25 150 175
19 Des Moines 175 100 275
20 Column Total 200 100 300 6001600
21
22 Total Cost 4525 |
3 1

Exhibit 6.6
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Transportation Model Example
Computer Solution with QM for Windows (1 of 4)

File Edit View Module Format Tools Help
DeEHS =@ 25 “m B8 1002 -8 Tas @ s »sowe
= W -foofs @igEA-D-L-

Dbjective Starting method rsinictian

sii T R =| </ n

Arial -82-|B 7 U=

&+ Minimizs

The ‘Wheat Shipping Example

Chicage St. Louis Cincinnati SUPPLY
Kansas City 6 8 10 150 .
Omaha 7 1 i 175 Use any starting
Des Moines 4 s 12 275
DEMAND 200 100 300 method
Exhibit 6.7
Copyright © 2013 Pearson Education, Inc. Publishing as Prentice Hall 6-15

Transportation Model Example
Computer Solution with QM for Windows (2 of 4)

ﬁ Transportation Shipments E@

The Wheat Shipping Example Solution
Optimal =olution value = Chicago St Louis Cincinnati
54,525
Kansas City 150
Omaha 25 150
Des Moines 175 100

Exhibit 6.8
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Transportation Model Example
Computer Solution with QM for Windows (3 of 4)

B Shipping list [E=R|E=R 5

The Wheat Shipping Example Solution
From To Shipment Cost perunit| Shipment cost
Kansas City Cincinnati 150 10 1,500
Omaha Chicage 25 7 178
Omaha Cincinnati 150 " 1,650
Dez Moines Chicage 175 4 700
Des Moines St Louis 100 5 500

Exhibit 6.9
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Transportation Model Example
Computer Solution with QM for Windows (4 of 4)

Home  Insert  Pagelwout  Fomulas | Data | Review  View
3 Connections v = e e 3 RE IR E IS P Solver
@D G & BImrmam T, &= 82 B 8= B H i
From From From From Other | Existing | Refresh _ %l sot | Fiter o Tetto  Remove Data  Consolidste What¥ = Group Ungroup Subtotal -
Access Web  Text Sources~ Connections | Allv =9 EditL {7 Advanced | Columns Duplicates Validation - naysis~ | - -
Get External Data Connecions Sort & Filter Data Tools Outline 3| Anabysis
FEE =
c1 - # | =SUMPRODUCT(C5:E8,K5:M38)

A B Cc D E F G H | J K L M N
1 The Wheat Shipping Example
2 Shipping costs ($/ton)
3 Mills Grain Mills
4 Grain Elevators | Chicage | St. Louis | Cincinnati| Supply | Shipped Grain Elevators| Chicago | St. Louis | Cincinnati
5 Kansas City 0 25 125 150 150 Kansas City 6 8 10
6 Omaha 0 0 175 175 175 Omaha 7 11 1
7 Des Moines 200 75 0 275 275 Des Moines 4 7 12
8 Slack]| 0 0 50 50 50 Slack 0 0 0
9 Demand | 200 100 350
10 Grain Shipped 200 100 350 g
1] Cost= || 4700 Change in cost
12

Added new row to reflect Sensmvlty analys1s of

d d> 1 . .
crmand = Suppy transportation scenario

Exhibit 6.10
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The Transshipment Model
Characteristics

m Extension of the transportation model.

m Intermediate transshipment points are added between the sources
and destinations.

m Items may be transported from:
= Sources through transshipment points to destinations

= One source to another

One transshipment point to another

= One destination to another

Directly from sources to destinations

Some combination of these

Copyright © 2013 Pearson Education, Inc. Publishing as Prentice Hall 6-19

Transshipment Model Example
Problem Definition and Data

Extension of the transportation model in which
intermediate transshipment points are added between
sources and destinations.

Grain Elevator
Farm 3. Kansas City 4. Omaha 5. Des Moines
1. Nebraska $16 10 12
2. Colorado 15 14 17
Copyright © 2013 Pearson Education, Inc. Publishing as Prentice Hall 6-20
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Transshipment Model Example
Transshipment Network Routes

16 Kansas

Cit
15 y
300 °

Nebraska 10 7

o G
= @ :

Colorado 4

Des Moines

6

8 Chicago

11
O -
11

St. Louis

12
300

Cincinnati

Figure 6.3  Network of transshipment routes
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Transshipment Model Example

Model Formulation

Minimize Z = $16x,5 + 10x,4 + 12x;5 + 15x,; + 14x,,
+ 17x55 + 6%35 + 8x37 + 10x55 + 7x4¢ + 11x,,
+ 11x,5 + 4x5, + 5x57 + 12x4

subject to:

X3 Xy X5 = 300>
X3 T Xy, + %55 = 300

Supply constraints for farms
in Nebraska and Colorado

X3 T Xy T x50 = 200

X357+ X47 + x5, = 100 <§ S Demand constraints at
X35+ Xy + x55 = 300 the Chicago, St. Louis

X3 T X3 - X360~ X537 - X35 = 0
Xig+ Xog - Xy - Xy7 - Xy = 0
X5 T Xp5 - X56 - X57 - X5 = 0
X; =0
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Transshipment Model Example
Computer Solution with Excel (1 of 3)

=SUM(B6:B7)

e

[Objective function J

Famwutat

- e =SUM(B6:D6) :
A 8 c D 3 F G H M N oLk
4 Grain Elevators Grain Grain Elevators
5 Fams [3\Kansas Cityl 4. Omaha [5. Des Moines | Supply | Shipped _Farms _[3Kansas City] 4. Omaha |5. Des Moines
6 1 Nebraska| \ 0 0 300 300 [ 300 7] 1. Nebraska 16 10 12—
7 2 Colorado| _\ 300 [ ] 300 | 300 2. Colorado 15 14 17 Cost arrays
& “Shippea | 300 o 00—
9
10 Shipping costs:
1 Mills Grain Mills
12 Grain Elevators 6. Chicago | 7.St. Louis |8. Cincinnati| Shipped | Grain Elevators . Chicago] 7. St Louis | 8. Cincinnat
13 3. Kansas City 0 0 300 300 3. Kansas City [ 8 10
14 4_Omaha 0 0 0 0| 4.Omaha 7 1 11
15 5. Des Moines 200 100 [1] 300 5. Des Moines 4 5 12
16 Demand| 200 100 300
17 Shipped 200 100 300
18
19 Transshipment flows: Il
20 0 —
21 G =SUM(C13:C15) =SUM(C13:E13)
22 5. Des Moines. 0
23
24
25
Constraints for transshipment flows;
i.e., shipments in = shipments out I
» Ship P Exhibit 6.11
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Transshipment Model Example
Computer Solution with Excel (2 of 3)

Solver Parameters. E

Set Objective: sCs24

= ©) Max @ Mo ©) Value OF: 0

8y Changing Variable Cells:

$B86:6D$7, SCE1$ES1S

Transshipment

Subject to the Constraints:

SFEEIEFST = SESEISEST =
SES

constraints in
cells C20:C22

Change

Delete

Reset All

ek

- Load/save

Make Unconstrained Variables Non-Negative

Select a Solving Method: Simplex LP =]

Solving Method
Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex:

engine for linear Solver Problems, and select the Evolutianary engine for Salver problems that are
non-smooth.

L

Close.

Exhibit 6.12
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Transshipment Model Example
Network Solution for Wheat Shipping (3 of 3)

Kansas City

Chicago
(200)

800 200

Nebraska

(300)

Omaha
St. Louis
(100)
100

Colorado

(300) 300

300

Cincinnati
(300)
Des Moines

Figure 6.4 Transshipment network solution for wheat-shipping example
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The Assignment Model
Characteristics

m Special form of linear programming model similar to the
transportation model.

m Supply at each source and demand at each destination
Iimited to one unit.

m In a balanced model supply equals demand.

m In an unbalanced model supply does not equal demand.
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13



Assignment Model Example
Problem Definition and Data

Problem: Assign four teams of officials to four games in
a way that will minimize total distance traveled by the
officials. Supply is always one team of officials, demand is
tfor only one team of officials at each game.

Game Sites
Officials RALFIGH ATLANTA DurHAM CLEMSON
A 210 90 180 160
B 100 70 130 200
C 175 105 140 170
D 80 65 105 120

Copyright © 2013 Pearson Education, Inc. Publishing as Prentice Hall 6-27

Assignment Model Example
Model Formulation

Minimize Z = 210x,z + 90x,, + 180x,p + 160x, + 100x55 +70x5,
+ 130xpp + 200xpe + 175x0g + 105x-, +140xp
+ 170x¢cc + 80xpg + 65xp, + 105xpH + 120xp

subject to:
Xar T Xaa T X0p T X0 = 1 XijZO
Xpr T Xpa T Xpp T Xpe = 1
Xer T Xea T Xep H X =1
Xpr T Xpa T Xpp T Xpc = 1
Xar T Xpgr + Xer + Xpr = 1
Xpaa T Xga T Xea T Xpp =1
Xap T Xpp + Xep + Xpp = 1
Xpe T Xpe T Xee T Xpe =1
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Assignment Model Example
Computer Solution with Excel (1 of 3)

Olbjeeive fuasion m

Home  Insert  Pagelayout  Formulas | Data | Review  View

N ey y N . @connections 5| [ . B mm N = R s
ek G B BE NERTT &= B B = &) "9 H g = Lo
from From From FromOther  Exsting | Refresh 2y o | e T Consolidste Whstif | Group Ungroup Sustotsl =
Access Web  Tet Sources~  Connections | AllT = ! Advanced | Columns Duplicates Validation ~ Analysis ~ - -

Get Extemal Data Connections Sort & Fiter Data Tools outine
= A v L.
cu - f« | =SUMPRODUCT(CS:F&,C16:719) Decision

A B C D = = G H

variables,

1 The ACC Basketball Example

2 C5:F8

3 Game Sites Teams | Teams

4 Officials Team Raleigh | Atlanta | Durham | Clemson |Available |Assigned

5 A 1 0

6 B 1 0 \[ =C5+D5+E5+F5 }
7 [¢} 1 0

8 D 1 0

9 Teams Demanded 1 1 1 1 4 4

10 Teams Assigned 0 [ 0 0

11 ] Total Mileage = 0

12

13 Mileage: =D5+D6+D7+D8 }
14 Game Sites

15 Officials Team Raleigh | Atlanta | Durham | Clemson

16 A 210 90 180 160

17 B 100 70 130 200 5

18 c 175 105 140 170 Mileage atray

19 D 80 65 105 120

20

Exhibit 6.13
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Assignment Model Example
Computer Solution with Excel (2 of 3)
r n
Solver Parzmeters + . (ot
— Exhibit 6.14
To: ) Max @ Min (@) value OF: o
By Changing Variable Cels:
sCs5:6FS3
Subject to the Constraints:
SHSS:$HSB = §G$5:5G58 - add
SC§10:57510 = SC§9:5F59 =
- Load/Save
Make Unconstrained Variables Non-Negative
I Select a Solving Method: Simplex LP |Z|
I Solving Method
Select the GRG Nonlinear engine for Solver Froblems that are smooth nonlinear. Select the LP Simplex
i lect the I for Sol blems th th nonli lect the I
engine for linear Solver Problems, and select the Evolutionary engine for Solver problems that are
non-smooth,
=
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Assignment Model Example
Computer Solution with Excel (3 of 3)

Home  Insed  Pagelajout  Fomulss | Data | Review  View

(3] connections = =
@ | 5 =
uig T , 3

&l son | me T —
i G adeanced | Columns Duplicses Vaidation -
S——— Sort & Fiter Data Te Outin

By Soher

[y Dsta amsrses

e | =SUMPRODUCT(CS:FB,C16:F13)
A B 14 D = F G H I J K i M N

1 The ACC Basketball Example
2
3 Game Sites Teams | Teams
4 Officials Team Raleigh | Atlanta | Durham | Clemson |Available |Assigned
5 A ] 1 0 0 1 1
6 B 1 0 0 3 1 1
7 Cc 0 0 1 0 1 1
8 D 0 0 0 1 1 1
9 | Teams Demanded 1 1 1 1 4 4
10 Teams Assigned 1 1 1 1
11 Total Mileage = 450
12
13 Mileage:
14 Game Sites
15 Officials Team Raleigh | Atlanta | Durham | Clemson
18 A 210 S0 180 160
17 | B 100 70 130 200
18 c 175 105 140 170
19 8] 80 65 108 120
20
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Assignment Model Example
Assignment Network Solution

| Ral=igh
1
Atlanta
1
Carhiarm
1
Clemson

Figure 6.5 Assignment network solution for ACC officials
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Assignment Model Example
Computer Solution with Excel QM

e T s T
=) 5 y - @l Connections | o T == > @ Pee=—
4 A = = 518 |
AR G @ B o2k y = 5f B B0 & W%
From From From From Other Existing Refresh ﬁl Sort. Filter s Textto  Remove Data Consolidate What-If Group Ungra
Aecess Web  Ted  Sources~ | Commections | A+ & 07 Advanced | Catumns Duplicates Validation - Analgsis | P el
s e ST e
=] v
823 - f | =SUMPRODUCT(B10:E13,B17:£20)

A B C D E F G H J K L
1 ACC Basketball Example
2
3 Assignment

Enter the assignment costs in the shaded area. Then go to the DATA

Tab on the ribbon, click on Solver in the Data Analysis Group and then
click SOLVE.
I SOLVER is not on the Data Tab then please see the Help file

Mileage Raleigh Atlanta Durham  Clemson

1
5
6
7
8 |Data
9
10
11

A 210 90 180 160

B 100 70 130 200
12 C 175 105 140 170
13 D 80 85 105 120
14

15 Assignments
16  Officials/To Raleigh | Atlanta Durham | Clemson |Row Total|
A

17 1
18 B 1 1
19 c 1 1
20 D 1 1
21 Column Total 1 1 1 1 4
2

23 [Total Cost 250 |

2
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Assignment Model Example
Computer Solution with QM for Windows (1 of 2)

File Edit View Module Format Iools Help

DeES =@ 5% F v o B o - A% (3] p sowe

Aial - 8%-|m 1 U o - 00, | @gEA DD

Objective Irstruction

" Maximize Eriter the cost of assigning d to clemson, ny r=al value is pemissible.
& Minimize

ACE Basketbal
Raleigh Atlanta Durham Clemson

A 210 90 180 160
B 100 70 130 200
C 175 105 140 170
D 80 65 105 120
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Assignment Model Example
Computer Solution with QM for Windows (2 of 2)

"t Assignments E=8 =R
ACC Basketball Selution

Optimal scluticn value = Raleigh Atlanta Durham Clemson

2450

A 210 Aszsign 90 120 150

B Assign 100 70 130 200

C 178 105 Aszsign 140 170

D an 65 105 Assign 120

Exhibit 6.18
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Example Problem Solution
Transportation Problem Statement

A concrete company transports concrete from three
plants to three construction sites. The supply capacities of
the three plants, the demand requirements at the three
sites, and the transportation costs per ton are as follows:

Construction site

Plant A B C Supply (tons)
1 $8 $5 $6 120
2 15 10 12 80
3 3 9 10 80
Demand (tons) 150 70 100

Determine the linear programming model formulation and
solve using Excel.

Copyright © 2013 Pearson Education, Inc. Publishing as Prentice Hall 6-36
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Example Problem Solution
Model Formulation

Minimize Z = $8x;, + 5x;p5 + 6x;¢c + 15x,, + 10x,5 + 12x,-
+3x3, + 9x55 + 10x3¢

subject to:

X0 T X T x5 = 120
Xo0 T Xop T X5 = 80
X30 T Xap T X3¢ = 80
X4 T X0 + X34 £ 150
X+ X5+ X355 70
Xe X0 + X350 £ 100
X;; >0
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Example Problem Solution
Computer Solution with Excel

Home Insert Page Layout Formulas Data Review View
=& o Arial 10 v A A = =/_] P =i Wrap Text General - = 7 W
";ﬁ e B J U- F- b-A- E = [dMergesicenter - 5 - %+ | %) 5% Coi?it%ﬂﬂl F?‘;E’t E
- < Format Painter = = = ge & Lemer ° 00 >0 | o imatting ~ as Table =
Clipboard u Font Wignment u Number
=] =
B10 - JFe | =B*B5+5°C5+6*D5+15*B6+10*Co+12*D6+3*B7+3*C7+10*D7
A B C D E F G H J
1 |[Example Problem
2
3 Construction Site
4 Plant A B C Supply | Transported
5 1 70 30 20 120 120
6 2 80 0 0 80 80
7 3 0 0 80 80 80
8 Demand 150 70 100
9 | Transported 150 30 100
10 Cost =|__ 2830
11
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This work is protected by United States copyright laws and is provided solely
for the use of instructors in teaching their courses and assessing student
learning. Dissemination or sale of any part of this work (including on the
World Wide Web) will destroy the integrity of the work and is not permit-
ted. The work and materials from it should never be made available to
(@] students except by instructors using the accompanying text in their
classes. All recipients of this work are expected to abide by these
restrictions and to honor the intended pedagogical purposes and the needs of
other instructors who rely on these materials.
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