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Definition

We want to assign shipments to Origin-Destination combinations

An example:

From canneries

To warehouses

Total output from each cannery (supply)

Total input to each warehouse (destination)

shipping cost per truckload for each cannery-warehouse combination

Given:
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Input data

Demands

How to represent it as a network ?

Supplies
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Network representation

Network Representation of

Transportation Problem

DestinationsSupplies
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Model

ijx

Variables

number of truckloads to be shipped from cannery i to warehouse j (Cont.).

Objective Function

Minimize total cost ij ij

i , j

c x
Minimize Z = 464x11 + 513x12 + 654x13 + 867x14 + 352x21 + ... + 685x34
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Constraints

ij i

j

x S i 

Supply Constraints:

ij j

i

x D j 

Demand Constraints:

ijx 0 i, j 

Model



پژوهش عملیاتی

Transportation Problem

محمد تمنایی

Definition

Constraints

x11 + x12 + x13 + x14 x21 x21 x21 x21 x21 x21 x21 x                   21 = 75

x21 x21 x21 x         21x21 + x22 + x23 + x24 x21 x21 x          21 x21 = 125

x21 x21 x21 x21 x21 x21 x21 x21x31 + x32 + x33 + x34 = 100

x11 x21 x21 x21 + x21 x2 21 + x31 x21 x21 x21 = 80

X 11 x12 x21 x       21 x21 + x22 x21 21 + x32 x21 21 = 65

x11 x12 x13 x21 x          21 + x23 x21 x21 x21 + x33 x21 = 70

x11 x12 x13 x14 x21 x21 x21 + x24 x21 x21 x21 + x34 = 85

All coefficients: 0 or 1

(Transportation Problem)
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Definition

Constraints

Matrix Form

(Transportation Problem)

Demand 

Constraints

Supply

Constraints
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Basic Assumptions

The requirements assumption

 Each source has a fixed supply, entire supply must be distributed to destinations. 

 Each destination has a fixed demand, entire demand must be received from sources.

(Equality Constraint) =

The feasible solutions property: 

A transportation problem will have feasible solutions 

m n

i j

i 1 j 1

S D
 

 

The cost assumption

The cost of shipping is directly proportional to the number of units distributed.

ij ijc x
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Mathematical Model

Subject to:

Type:

Linear Programming

(LP)
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Integer Solutions Property

In Transportation Problem:

Every si and dj have an integer value

All the basic variables (non-zero,allocations)

in every basic feasible (BF) solution (including an optimal one)

also have integer values.
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Using Excel

Changing

cells

=
objective

value

=
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some problems violate the requirements assumption: not quite fit as a transportation problem 

Reformulation: introducing a dummy destination or a dummy source.

Production of jet engines

+

Installation of jet engines 

Example: Airplane Company

How much production in each month?

Airplane Company
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Number of jet engines to be produced in month j, for j=1, 2, 3, 4.

Airplane Company: Approach 1

jx
Variables

Cumulative number of jet engines to be stored until month j, for j=1, 2, 3, 4.jz

CostMinimize: Cost of Production + Cost of storage
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Airplane Company: Approach 1

Objective Function Cost

Constraints 

A linear Programming
But

Not as a transportation problem
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Number of jet engines produced in month i for installation in month j

Airplane Company: Approach 2

ijx
Variables

A linear Programming
As a transportation problem

 Supply i:    Production of of jet engines in month i (i = 1, 2, 3, 4)

 Demand j: Installation of of jet engines in month j (j = 1, 2, 3, 4)
Given

?
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No real cost (xij = 0) → 

cij = M  (to force xij to be 0) 

Airplane Company: Approach 2

ij ijMinimize c xObjective Function

cij
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Airplane Company: Approach 2

x11 + x12 + x13 +x14 ≤ 25

x21 + x22 + x23 + x24  ≤ 35

x31 + x32 + x33 + x34  ≤ 30

x41 + x42 + x43 + x44  ≤ 10

Constraints Not in form of 

Transportation Planning

Use “Slack Variables”

As

Dummy Destination

Dummy Destination: represents the unused production capacity

Demand for Dummy Destination: total unused production capacity

Demand D.D. = (25 + 35 + 30 + 10) - (10 + 15 + 25 + 20) = 30
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Airplane Company: Approach 2

cij

Demand D.D.There is no cost incurred by a fictional allocation. 

Cost entries of M would be inappropriate for this column

because we do not want to force the corresponding values

of xij to be zero. In fact, these values need to sum to 30.
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Generalizations

Some problems may fail to satisfy model for transportation problem:

1 distribution does not go directly from sources to destinations 

(passes through transfer points) Transshipment Problem

2 Transshipment Problem +

Upper limits for shipping lanes
Minimum Cost Flow Problem

3 Violating “cost assumption”

Non-linear function of the number of units distributed

4 Violating “requirements assumption”

Si or Dj are not fixed

For example, final demand at a destination may not become known

until after units have arrived.

Then, a nonlinear cost is incurred if amount received deviates from

the final demand.
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Homework

Case 8.1 Shipping wood to Market

(Book: Hillier 2010, Page 356)

Use Excel Solver
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