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= 0% of toral world trade
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- 32 m“mn tonne-miles

1% of tonnage

USA:50% unutilised
Loss of 31 billion
Schpeider.com

The Transportation Model:
Characteristics

MBAHD

m A productis 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 Fax¥
Problem Definition and Data Nttty | MM

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 200

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

Transportation Model Example Y
Model Formulation Nankt Uty

Unive

MBARuY

Minimize Z =[$6x,, + 8x;5 + 10x,d+(7x,0 + 11x,5 + 11x,d+
4x5, + 5x3p + 12x5¢

subject to:
Xia + X + X = 150

Xop T Xop + Xy = 175
X35 + Xap + %5 = 275
X+ X + x5, =200

il demand constraints
X1B K XZB iy X3B B 100

Xic + Xp¢ T X3¢ = 300

x. >0 - Is this problem balanced?
&= Yes, because demand is equal to supply:
Xi o tons of wheat from each grain elevator i € {1, 2, 3},
toeachmillje {A,B,C}
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Transportation Model Example i # %
Model Formulation

MBAH)

6 8 10
D=@)=(7 11 11

4 5 12)ER"X’H f(X):i z dijxij f(X):iidijxij

i=1 je(AB,c)

X =0x))
150

(1)
275.

200
bt = 100
300

INgEl

xij =b§ Vi€ {1,-,n}

NGBl

Xij :bjd vjef{l,--,m}

A feasible solution i
0 0
>100 > 25
0 275
v v
¢ Only constraints needed
— No costs required
* Northwest corner rule
— Start at top left and work your way down
Transportation methods i

* Transportation Simplex Method
— Initialisation — construct an initial basic feasible (BF) solution
* Northwest corner rule
* Vogel’s approximation method
* Russell’s approximation method
— Optimality test —if ¢;; — u; — v; = 0 for every (ij)
* u; row difference, v; column difference (smallest minus next-to-smallest)
— lteration
* Determine entering basic variable
* Determine leaving basic variable
* Determine new BF solution
* Find detailsin...
« Hillier Introduction to Operations Research, chapter 8.2 (p319ff)
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Optimal solution
Transportation Network Solution

275
Kansas City

1] 25| 0[125] 150,
2| Of 0f[175] 175/
3/175[100] O[] 275/
200] 100} 300§

175
Omaha

150

Des Moines | © cincinnati

The solution value for the optimal solution is $4,525per month.

The Transshipment Model
Characteristics

MBAH)

Extension of the transportation model.

Intermediate transshipment points are added between the sources and destinations.
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

Transshipment Model Example
Problem Definition and Data

MBAHD

Extension of the transportation model in which

intermediate transshipment points are added between
sources and destinations.
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Transshipment Model
Network routes

MBAH)

Nebraska Kansas City

Transshipment Model Example

Model Formulation MBAR
Minimize Z = $16x,5 + 10x,, + 1255 + 15x,, + 14x,,
+ 17505 + by + 8y + 10535+ Tty + 140 ke

S xye + 450 + 5x57 + 12x54 y

- T
Sum of total costs =" sum of: cost and quantity products

subject to:

X33+ x4 x5 = 300
: i Sonrce constraints = available supply é’

Xp3 F Xp4 F X5 = 300
X35 T Xy + X556 = 200
oA A Hk g0 Destination constraints = required demand g
X3+ Xy x59 = 300 &
Xi3 F Xp3 - X35 - X37 - X35 = 0}

Xyt X4 - Xyg - Xy7 - Xgg = 0
Xy5 + Xp5 - X5 - Xs7 - X55 = 0 %
x>0
(| o J

Onantities L

Transhipment (no goods are bt in these nodes)

The Assignment Model
Characteristics

MBAHD

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

® Supply at each source and demand at each destination
limited to one unit.

m In a balanced model supply equals demand.

® In an unbalanced model supply does not equal demand.
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Assignment Model Example 2

Problem Definition and Data o MBS

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
for only one team of officials at each game.

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

Assignment Model Example
Model Formulation

MBAH)

MinimizeZ = 210x,g + 90X + 180x,p + 160X ¢ + 100Xz, +70xg,
+ 130xgp + 200Xg. + 175X g + 105X, +140x¢p
+ 170X + 80xpg + 65xXp, + 105X, + 120X,

subject to:

Xag + Xan + Xpp + Xpc = 1 X;=0

Xgg + Xga + Xgp + Xgc = 1

Xep + Xca+ Xep + Xec = 1

Xpg + Xpa+ Xpp + Xpc =1

B T L —
Xaa+ Xga t Xca t Xpa =1
Xap + Xgp + Xcp + Xpp = 1

Xac * Xgc + Xcc + Xpc = 1

Assignment Model Example
Assignment Network Solution MBASH
Raleigl
: eigh
:
Atlanta
:
Durham
! Clemson
Las Figure 6.5
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Applications
National grids

MBAH)

National grids
— Electricity

— Gas
— Water

— “Telecommunication”

e Water supply
SDH/SONET eur6pean network

Application
Nuclear power in the UK

MBAH)

— Provides about 20% of UK’s required energy 5 o
— Supplies electrical output
* Dungeness B: 1040 MW
* Hartlepool: 1180 MW

— see EDF Energy
— Demand (mainly in built up areas) -
* Greater London: 9.78M 8 4se
* Greater Manchester: 2.55M % S
* West Midlands: 2.44M i

* Assumption: electrical demand proportional to population
— Assume “transportation” cost depend on distance

. %
K Z

Application
Nuclear power in the UK

MBAHD

* How should the energy be provided to the built-up
areas in the most cost efficient way?

5]

Greater London

™

Hartlepool % 3
Greater Ma

T

nchester
Heysham %j_«g
West Midlands
0 — d;
Torness u,
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http://www.edfenergy.com/energyfuture/edf-energys-approach-why-we-choose-new-nuclear/nuclear-power-locations
http://www.edfenergy.com/energyfuture/edf-energys-approach-why-we-choose-new-nuclear/nuclear-power-locations
http://www.nationalgrid.com/uk
http://www.bized.co.uk/current/mind/2005_6/200306.htm
http://www.bized.co.uk/current/mind/2005_6/200306.htm
http://en.wikipedia.org/wiki/Nuclear_power_in_the_United_Kingdom
http://en.wikipedia.org/wiki/Nuclear_power_in_the_United_Kingdom
http://www.edfenergy.com/about-us/energy-generation/nuclear-generation/nuclear-power-stations/
http://en.wikipedia.org/wiki/List_of_urban_areas_in_the_United_Kingdom
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Other Applications

Distribution networks

Supply chains
— Transshipment

Scheduling

Project Management

Assignment
(scheduling/projects)

MBAH)

* Supply = resources (people)
— Available time

* Demand = tasks

— Time required for task
* Person to task

— “Skills”

« Critique: someone not skilled might take longer for task and
quality might not be the same
— Counter argument: the model attempts to prevent this

Assignment

Bob

Data collection

Solution value

o =
N

/&J *  we maximised

Analysis * uncertain data was used

Wmml\
4
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MBARP)

Recap - “the end is near”

* What is a transportation model?

— Demand is fulfilled by suppliers using links such that
transportation costs are minimised.

* Whatis a transshipment model?

— A generalisation of the transportation model by allowing
intermediate “nodes”.

* What is an assignment model?

— A specialisation of the transportation model, where supply
and demand is one (usually).

* Do you know any applications?
— Supply chain, national grid, distribution networks

Winter 2016

The End MBAHL
* Any questions?
.".!} A+ ¥
Appendix Nankai University | MBARD

* References

* Transportation with Excel
* Transshipment with Excel
* Assignment with Excel

* Another example

Dr. Wolfgang Garn
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General Notes

MBAH)

m Part of a class of LP problems known as network flow models.

m Special mathematical features that permit very efficient, unique
solution methods (variations of traditional simplex procedure).

m Detailed descriptions of methods are contained on Taylor’s website

(bitp:/ /wps.prenhall.com/bp_taylor_introms_10/128/32822/8402671.cw/ content/index himi)

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

Transportation Model Example
Transportation Network Routes

MBAHD

200

Chicago

. ‘l l
Kansas City =g Cincinnati

St. Louis

Figure 6.1 Network of Transportation Routes for Wheat Shipments
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Computer Solution with Excel (1 of 4) x.

Winter 2016

a

= ,,:,\\,\ \ —F \«Cosiarrayin \
~/ N \cells K5:M7 |

o) -C7+D7vE7

| =D5+D6+| \
‘ Decision variables J
| in cells C5:E7

Transportation Model Example f
Computer Solution with Excel (2 of 4) ..

Solver Parameters
SetTarget Cel: TR L) Sove
Euud To: O pMax Mo Yaleof: (O " n

R (o )

$CeS4E87 [l [Coues )
Demand | bject to the Constraint T
constraints [~ —— ( optens |

I 4C40:4£49 = $C40:4E48 dd
A4 464514647 = $F4SHFET o
™ [ Shonge )
Supply I — 7Y
constraints TR e )
— [_teb ]
Exhibit 6.2

7

ER

MBARuY

1 The Wheat Shipping Example.

Exhibit 6.3

Dr. Wolfgang Garn
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Transshipment Model Example L ¥
Transshipment Network Routes Hniversty | MBAT:
6
18 s Kacr;lsyas a8 Chicago
o @ o
Nebraska 10 7
11
G O
Omaha ! '
St. Louis
300 12
Qo
Colorado 4
5
Qo O~
Des Moines Cincinnati
Figure 6.3  Network of Transshipment Routes
Transshipment Model Example
Computer Solution with Excel (1 of 3) MBS
(Gbjsctivetintton))
T e bS8y I e
= B | e /'@oslarrays)
(Csumes:B7) ) \\ T
) S O~ \ﬁ\
_— \{summe:os»
S — = :
_ (csumcracis) =SUM(CI3E13))
‘7‘(71onstraims for transshipment flows}\'
(e. shipmens in - shipments out )
. Exhibit 6.10
Transshipment Model Example Fax®
Computer Solution with Excel (2 of 3) e | smais

Solver Parameters

sttogecet: | (%) (|
Equal To: O Max Mo Oysueol: [0 Close.
$836:4047,$C$13:4E415 E.-J |_Guess |

S ) biect to the ik

Transshipment e L_options _}

ints i $17 = $C$16:4E816 (

constraints in 1 37T~ e (o )

cells C20:C22 J $F§6:4F47 = $E46:4647

e

Exhibit 6.11
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Computer Solution with Excel (1 of 3) »

Transshipment Model Example Fax®
Network Solution for Wheat Shipping (3-of.3) i
Kansas City
° Chicago
(200)
Nebraska - 200
(300)
Omaha
St L
o ° (100)
Colorado b
(300) 300
300
Cincinnati
° (300)
o Figure 6.4
Assignment Model Example Sar¥

MBAR

Objective function

‘ Decision
variables, |«
C5:F8

Assignment Model Example .
Computer Solution with Excel (2 of 3)+.
Solver Parameters
Set Target Cel: (]
Equal To: ( ®OmMn O value of 0
By Changing Cells
$C45:4F48 @ Guess
ect to the straints
$C4$10:4F$10 = $C49:4F49
$HES:$HEB = $G4S:4G4$8
Change
Delete
Exhibit 6.13

Dr. Wolfgang Garn
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Assignment Model Example

Aax¥
Computer Solution with Excel (3 of 3) .

MBAH)

Exhibit 6.14

Winter 2016

Example Problem Solution s
Computer Solution with Excel akt Ve

Ng

MBAH)

A B ( D E [ G
1_|Example Problem

Plant A
1 ] 70 | 30
2 80 0

Example Problem Solution :
Transportation Problem Statement v

MBAHD

Determine the linear programming model formulation
and solve using Excel:

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

Dr. Wolfgang Garn
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Example Problem Solution Yax¥
Model Formulation sttty
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Winter 2016

Minimize Z = $8x;, + 5x;5 + 6x;¢ + 15x,, + 10x,5 + 12x,¢
+3x3, + 9x35 + 10x5¢

subject to:

X4 0t Xt X = 120
Xop + X5 + X5 = 80
X3p T X35 + X3¢ = 80
Xja F Xp0 + X3, 150
X;p + Xpp T X33 <70
Xic t Xoe X3 < 100
x; 20

Dr. Wolfgang Garn
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