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As gold which he cannot spend
will make no man rich,
so knowledge which he cannot apply
will make no man wise.
Samuel Johnson: The Idler No. 84
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1 The Transportation Model
1 The Transshipment Model

1 TheAssignmeniodel

909% of all coal
2 67% of cars
#  68% of paper

E* 90% of total world trade ‘:_‘_h-"""
)3y 77 billion tonnes Eos -__‘,.-

z willign tonne-miles

1% of tonnage
FedEx, UPS, DHL

USA50% unutilised
Loss of 31 billion
Schpeider.com

The Transportation Model: "y
Characteristics

MBAHD

4 A product is transported from a number of sources to a numbe
of destinations at theninimum possible cost

1 Eachsource is able to supply a fixed numbefrunits of the
product, andeach destination has a fixed demaridr the
product.

1 The linear programming model hasnstraints for supplat each
sourceand demandat each destination.

1 All constraints are equalities inbalancedransportation model
wheresupply equals demand

Constraints contain inequalities umbalancednodels where
supply doesot equaldemand.
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Transportation Model Example

Problem Definition and Data i
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?

MBAR

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 ton 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

MBAR

Sincinnati

Transportation Model Example
Model Formulation

MBARuY

Minimize Z 5{ $6x, + 8x,5+ 10xd+ [Txp0 + 1135+ 11xJ+
A%gp + SXgg+ 12%c
subject to:

Xia t X5+ X3¢ = 150

Xont Xog + Xpc = 175
Xaa + Xggt Xgc = 275
Xipt Xop t Xgn = 200 | e
il demand constraints
Kio+ oo X0 = 100
Xict Xoc + X3c = 300
ng 0 (g SC N Is this problem balanced?
ij non-negativi .
! Yes, because demand is equal to suq
Xij = tons of wheat from each gragtevatori ¥ {1, 2,3},
to each mili~ { A, B, C}

MLESCM 6
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Transportation Model Examplef 4%
Model Formulation
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| 150 0 0 V4
! 50 f>100 |> 25 ¥4
0 0 275 7
205
50 o i i

A Only constraints needed
7 No costgequired

A Northwest corner rule
i Start at top left and work your way down

MBAHD

Transportation methods

A Transportation Simplex Method

1 Initialisationg construct an initial basic feasible (BF) solution
A Northwest corner rule
A+238f0Qa LIWNBEAYIGAZ2Y YSGK2R
Awdza a5t t Q& MetBbdNB EA Y GA 2y

i Optimality testgif & 6 0  Tfor every ()
A6 row difference,b column differencesmallest minus nexto-smallest)

1 lteration
A Determine entering basic variable
A Determine leaving basic variable
A Determine new BF solution
ACAyR RSGIAt A AYyX
A Hillier Introduction to Operations Research, chap&? (p319ff)
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Optimalsolution e
TransportatiorNetwork Solution
275 A B [c
K Gi 1] 25 o[22 150
ansES ¥ Chicago 5o o[17 175
3175100 of 274
s 200 100300
E
Omaha, o =) St. Louis
150
Des Mdinés\_j- G Cincinnati
The solution value for the optimal solution$i¢,525permonth.
The Transshipment Model - 4

Characteristics

! Extension of the transportation model.

Intermediate transshipment points are added between the sources and destinations.
! Items may be transported from:

A Sources through transshipment points to destinations
A One source to another

A One transshipment point to another
A One destination to another
A Directly from sources to destinations

A Some combination ahese

Transshipment Model Example Fax¥
Problem Definition and Data ooty | B

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

db 2 3
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TransshipmenmModel Adrg
Nankai University | MBARuD
Network routes
Chicago
Transshipment Model Example
Model Formulation MBI
Minimize Z = $16%5+ 10x, + 12%5+ 15%;+ 14%,
+ 17%5+ 6Xg5+ 8Xg7+ 10X+ 7Xyg+ 11X, @
+ 11xg+ 4%+ SXs7 + 12%4 )
subject to: Sum of total costS = sum of: costand quantity productg
22: ))((12‘;: ))((1222 2%% Source constraints = available supr@
Xg5+ Xg6F X56= 200 }
Xg7+ X47+ X57= 100 Destination constraints = required g%
Xag+ X4g+ X55= 300 &
X153+ Xo3- Xgg~ Xg7~ Xgg = 0
X4t Xogq= Xge = X47 - Xa8= 0 Transhipment (no goods are left in theq
X35+ X5~ X6~ X57 - X5 = 0
X 2 ) %
Quaﬁtities
The Assignment Model Fax¥
Characteristics Noskt Uaivrsy | MBASH)
1 Special form of linear programming model similar to t
transportation model.
1 Supplyat each sourcend demandat each destination
limited to one unit.
1 In a balanced model supply equals demand.
4 In an unbalanced model supply does not equal dematrj
Dr. Wolfgang Garn 5
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Assignment Model Example s
Problem Definition and Data s et

Ng
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Problem: Assign four teams of officials to four gameg
a way that will minimize total distance traveled by the
officials. Supply is always one team of officials, dema
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

Winter 2016

Assignment Model Example Fax¥
Model Formulation akt Ve

MBAH)

Minimize Z = 210x,z+ 90%,+ 180%,+ 160%c+ 100%g  +70%,
+ 130%p+ 200%c+ 175%g+ 105x%,+140%p
+ 170%ct+ 80%r+ 65%,+ 105%,+ 120%c

subject to:

Xart Xaat Xapt Xac= 1 X;2 0

Xgrt Xeat Xopt = 1

Xcrt Xeat Yept %= 1

Xprt %At Yopt Xoc= 1

o Y
Xapt %ot Xept %=1

Xact et Yoot %=1

Assignment Model Example .
Assignment Network Solution N

MBAHD

Raleigh

Atlanta

Durham

Clemson

Figure 6.5
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Applications
National grid

A Nationalgrids

i Electricity

i Gas

T Water

ia¢St SO02YYdzyA O

New gas supply projects

L& Water supply
SDHISONET &lfopeametwork

Application A Ay

Nuclear power in the UK

MBAH)

it NEOARSE Fo2dzi wm: 2F 4 YQa NB
i Supplies electrical output R
ADungeness B: 1040 MW
AHartlepool: 1180 MW

AX
i seeEDFEnergy 5 = iy 4
i Demand (mainly ibuilt up areay B e
AGreater London: 9.78M
P

AGreater Manchester: 2.55M
AWest Midlands: 2.44M
AX ®

A Assumption: electrical demand proportional to population
il aadzyS GuUN)yyaLRNUlIuA2yé Ozadl

»

i i CEPY:
Appllcatlon_ AR
Nuclear power in the UK

A Howshould the energy be provided to the builp
areas in the most cost efficient way?

0
Dungeness &h‘
g Greater London

Hartlepool % t
E Greater Manchester

e
Heysham V\% X
/ S Mi!j'l‘a?nds
0 — &
Torness u,
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http://raweb.inria.fr/rapportsactivite/RA2009/realopt/uid28.html
http://raweb.inria.fr/rapportsactivite/RA2009/realopt/uid28.html
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 e

A Distribution networks
A Supply chains
1 Transshipment
A Scheduling
A Project Management

Winter 2016
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Assignment
(scheduling/projects)

MBAH)

A Supply = resourcepeople)
i Available time
A Demand = tasks
i Time required for task
A Person to task
T At f aé
Acritique: someone not skilled might take longer for task and

quality might not be the same
T Counter argument: the model attempts to prevent this

Assignment
(scheduling/projects)

MBAHD

o | sood

Em oo 50l o1

o
boe T — [ ss0[ m00] - %4
-

e ] B ) T IS
[T i0d[ 15[ 12d[ 20d[57a67d]

w Data collection
Solution value
Kate = & #
21 days - kg\ A we maximised
Foo) \ L )
“. "Analysis A uncertain data was use
‘ o

Bob F ST f
mp lon
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Recapca 1 KS Sy R Aay g4

A What is a transportation model?

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

A What is @ransshipmenmodel?
i A generalisation of the transportation model by allowing
AYUSNYSRAFUS ay2RSaé¢od
A What is an assignment model?

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

A Do you know any applications?
i Supply chain, national grid, distribution networks

Adry
The End bl MBASUL
A Any questions?
. Aax¥
AppendIX Nankai Univers! MBAHD

A References

A Transportation with Excel
A Transshipmentith Excel
A Assignment with Excel

A Another example

Dr. Wolfgang Garn 9
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General Notes

MBARP)

1 Part of a class of LP problems knownete/ork flamodels.

1 Special mathematical features that permit very efficient, uniqu
solution methodgariations of traditional simplex procedure).

1 Detailed descriptions of methods are containddaoy | or 6s we j
(htprliwps.pre

nhall.com/bp_taylor_introms_10/1 1.cwicontent htmi)

1 Text focuses omodel formulationand solution with Excel and
QM for windows.

Transportation Model Example Fax¥

Transportation Network Routes Nuskst Univesy | MBAHAD

@)

=g Cincinnati

Figure 6.1 Network of Transportation Routes for Wheat Shipmg
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Transportation Model Example

Computer Solution with Excel (1 of 4) b WD

Z

Thu a higging B

) doen w

e : AV S G = Kogg eI L
( Objective function . s s 54 Ewae® s 44008 e b
N

" =] \ ‘ t——+ \Cosiarraym
cells K&:M7
—C7+D7vE7
( D5+DE+D7
‘ Dec:swn vanables\J
| in cells C5:E7
D

Winter 2016

Transportation Model Example
Computer Solution with Excel (2 of 4) sBAD
Solver Parameters
Sgt Target Cel: ficsi0 JES (sove |
Equd'o Max Mo Yalueof: (0 |
g Cel ligCes )
$Cis:447 B [Coues )
Demand | Subject to the Constraint rreT—
Constraints ™1 yeyouess - scratess (ai ) i
. $GH5:4G87 = 74514787 i)
G ) (geoe ) [(Resetai ]
upply ———LE IR
cons(raintsj (_elete | =
Exhibit 6.2

Transportation Model Example

w

£ Z

Computer Solution with Excel (3 of 4) ety | MBATL

Exhibit 6.3

Dr. Wolfgang Garn
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Transshipment Model Example w0
Transshipment Network Routes o | s
6
18 s Kacr;lsyas a8 Chicago
o @ ©
Nebraska 10 7
11
14 ° o 100
Omana ! St. Louis
= @ .
Colorado 7 4
5
QO = O~
Des Moines Cincinnati
Figure 6.3 Network of Transshipment Routes
Transshipment Model Example Ax ¥
Computer Solution with Excel (1 of 3) o | s
\(\)bjef:tlxeﬁungtlorj/w
. Kos s e irn
5 e /’)@uslarrays}
Esuwes:ai{} e ‘ ! 5 \\ : ! = ‘_
} SESESEE™
»\\\1 ~ : -SUM(BE:f DG)
== “(=sUM(C13:C15)) 7SUM(C13:E|3)/
i réonstr?ints for transshipment ﬂows?'
\i,e., shipments in = shipments out )
...Exhibit 6.10
Transshipment Model Example Fax¥
Computer Solution with Excel (2 of 3). i | saste
Solver Parameters
Set Target Call: . [ Sove |
quuvo 'nnx Mo yaeof: |0 Cloe.
: 18464047, 9081346415 Bl [Caues )
Transshipmem\ el ' [ options_|
constraints in ~§:‘7§§‘7 $cs1e:4e416 ([ad )
cells C20:C22 $F 86474 g 44 e e—
" e Lo ) )
(Cosee ]
|_tep |
Exhibit 6.11
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Transshipment Model Example

Network Solution for Wheat Shipping: (GZl of 3)\m\'PL

Winter 2016

Chicago
(200)

Nebraska 200

(300)

St. Louis
(100)
100
Colorado
(300) 300
300

Cincinnati
(300)

Des Moines

Figure 6.4

Assignment Model Example
Computer Solution with Excel (1 of 3)

MBAH)

Exhibit 6.12

Assignment Model Example

¥ 't'

Computer Solution with Excel (2 of 3) o

MBAHD

Exhibit 6.13
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