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Topics Covered

0. Introduction

1. Network Design and Transportation in Supply Chain Management
* Network Design in the Supply Chain
e S. Chopra and P. Meindl, 2007, Supply chain management, Strategy, Planning, and Operation, 3rd Ed., Pearson, Ch.05
« Transportation in a Supply Chain
e S. Chopra and P. Meindl, 2007, Supply chain management, Strategy, Planning, and Operation, 3rd Ed., Pearson, Ch.13
* Transportation Concept and Terminology
2. Facility Location Models
* Review the classical models: Covering, Median, Center, and ...
eDaskin, M., 2008, What you should know about location modeling, Naval Research Logistics (NRL), - Wiley Online Library
3. Basic Network Models
* Network flow problems: Transportation, Shortest path, maximum flow, min cost flow, ...
« Vehicle Routing Problem and its variants
4. Railroad Transportation System
* Yard operations:
ePetersen, E.R. (1977a) “Railyard Modeling. Part I. Prediction of Put-Through Time”, Transportation Science, 11, 37-49
¢ Railcar grouping (blocking):

eNewton, H.N., Barnhart, C. and Vance, P.M. (1998) “Constructing railroad blocking plans to minimize handling costs ”,
Transportation Science, 32, 330-345.

eAhuja, R.K., Jha, K.C. and Liu, J. (2007) “Solving real-life railroad blocking problems”, Interfaces, 37, 404-419.
* Routing:
e Crainic, T.G., Ferland, J-A., and Rousseau, J.-M. (1984) “A tactical planning model for rail freight transportation >,
Transportation Science, 18, 165-184.
e Crainic, T.G., Florian, M., and Leal, J.-E. (1990) “A model for the strategic planning of national freight transportation by rail
Transportation Science, 24, 1-24.
5. Multi-modal Transportation System
e Crainic, T.G. and Kim, K.W. (2007) “Intermodal Transportation in Handbook in Operations Research & Management Science
(eds) C. Barnhart and G. Laporte, pages 467-477.

* Macharis, C. and Bontekoning, Y.M. (2004) “Opportunities for OR in intermodal freight transport research: A review ”,
European Journal of Operational Research, 153, 400-416.

« SteadieSeifi, M., Dellaert, N.P., Nuijten, W., Woensel, T. Van and Raoufi, R. (2014), “Multimodal freight transportation
planning: A literature review”, European  Journal of Operational Research, 233, 1-15.

6. Hazardous Material Transportation
eErkut, E. and Verter, V. (1998) “Modeling of transport risk for hazardous materials”, Operations Research, 46(5), 625-642.

Supply Chain Management
(3rd Edition)

Chapter 5
Network Design in the Supply
Chain
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Outline

& Network Design Decisions

@ Factors Influencing Network Design Decisions

® Framework for Network Design Decisions
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Network Design Decisions

@ Facility role: What role should each facility play? What
processes should be performed at each facility?

@ Facility location: Where should facilities be located?

@ Capacity allocation: How much capacity should be allocated to
each facility?

@ Market and supply allocation: What markets should each
facility serve? Which supply sources should feed each facility?

4 (How many plants, DC’s, retail stores, etc. to build?)

© 2007 Pearson Education
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Network Design Decisions
Facility role

¢ Decisions concerning the role of each facility are significant
because they determine the amount of flexibility the supply chain
has in changing the way it meets demand.

% Toyota:

s Before 1997, each plant was capable of serving only its local
market.

+¢* Asian economy went into a recession in the late 1990s

¢ The local plants in Asia had idle capacity that could not be used to
serve other markets that were experiencing excess demand.

% _Toyota has added flexibility to each plant to be able to serve
markets other than the local one.

© 2007 Pearson Education 511

Network Design Decisions

Facility location

¢ These decisions have a long-term impact on a supply chain's
performance because it is very expensive to shut down a facility or
move it to a different location.

¢ Toyota:

+¢ Built its first U.S. assembly plant in Lexington, Kentucky, in 1988.

+¢ This plant proved very profitable when the yen strengthened and
cars produced in Japan were too expensive to be cost competitive
with cars produced in the United States.

+¢ This plant allowed Toyota to be responsive to the U.S. market
while keeping costs low.

¢ Amazon.com:

¢ It very difficult to be cost effective in supplying books throughout
the US when it had a single warehouse in Seattle.

+¢ Thus, the company has added warehouses in other parts of USA.
© 2007 Pearson Education 5-12
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Network Design Decisions

Capacity allocation

% Capacity allocation can be altered more easily than location,

capacity decisions do tend to stay in place for several years.

% Allocating too much capacity_to a location results in poor
utilization, and as a result, higher costs.
¢+ Allocating too little capacity results in poor responsiveness if

demand is not satisfied, or high cost if demand is filled from a

distant facility.

© 2007 Pearson Education 513

Network Design Decisions
Allocation of supply sources and markets to facilities

% It affects total production, inventory, and transportation costs
incurred by the supply chain to satisfy customer demand.

+¢ This decision should be reconsidered when the market conditions
or plant capacities change.

+¢ It can be only happened, if the facilities are flexible enough to
serve different markets and receive supply from different sources.

¢ Amazon.com:
+¢ Built new warehouses and changed the markets supplied by each
warehouse as its customer base has grown.

¢ As a result, it has lowered costs and improved responsiveness.

5-14
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Factors Influencing
Network Design Decisions

¢ Strategic

@ Technological

# Macroeconomic

@ Political

@ Infrastructure

¢ Competitive

@ Logistics and facility costs

© 2007 Pearson Education 515

Factors Influencing Network Design Decisions
Strategic

+» Firms focus on:
%+ Cost : tend to find the lowest-cost location for their manufacturing
facilities.
¢ Apparel producers: in the early 1980s, many producers moved all
their manufacturing out of the US to countries with lower labor
costs, in hope of lowering costs.
+» Responsiveness: tend to locate facilities closer to the market and may
select a high-cost location if this choice allows the firm to react quickly
to changing market needs.
«» Zara: has a large fraction of its production capacity in Portugal and
Spain despite the higher cost there. The local capacity allows the
company to respond quickly to changing fashion trends in Europe.
¢ Convenience stores Vs. discount stores
¢ Nike: satisfy a wide variety of demands in the most profitable manner.
¢ In China and Indonesia focus on cost, In Korea and Taiwan focus
© 2007 Pearson EgfajiRisponsiveness and produce higher priced new designs. 516
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Factors Influencing Network Design Decisions
Technological
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Factors Influencing Network Design Decisions
Macroeconomic: Tariffs and Tax Incentives
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Factors Influencing Network Design Decisions

Macroeconomic: Exchange Rate and Demand Risk
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Factors Influencing Network Design Decisions

Political and Infrastructure
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Factors Influencing Network Design Decisions
Competitive

Ry sl 56 >
L3, 31 399/ 03 8 Sl Ol 415 Sl (51 39 (5 35 el
(6T 4l (o WS gus 41 y20) g (o o (o2 51 D11 4
o g o 41 333 Ly (1l o 42 i Cudo D11 (9929
250 2 3L 33 (I3 S S o ygw) g B 08 5 Sl 0 jlho g I Slealiul s Sl >
L35 4l [y i 0 30 <——— ok Wl g3 LOLET (5! 381 g (4o sldio Qo &
g JB 30 4l S 50 cwlino s ol g ) drwgi &
A0 35 ASuus A% gl § W &) Jouwo g1 BT Wl g3 o (31 a8 4 Suzuki oS g 8999 3G
298 4 T 0905 9319 S 41 T 10 Juwogit W gi g Wid 41 Ly il 8959 ———— o
(59290 & 1 4293 1)

© 2007 Pearson Education

5-21

Factors Influencing Network Design Decisions
Logistic and Facility Costs
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Costs and Number of Facilities

A

Inventory

Costs Facility costs

/ Transportation

Number of facilities

Where to locate? (Significant reduction in material weight or volume as a result of
processing, Ex. iron ore is processed to make steel)

© 2007 Pearson Education 5-23

Cost Buildup as a Function of Facilities

Total Costs
wn
=
(=]
o:
«
j o
)
[=3
©)
— rees
= / Facilities
g Inventory
@) Transportation
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Number of Facilities
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The Cost-Response Time Frontier

Cost

Low

Low Response Time Hi

© 2007 Pearson Education
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Service and Number of Facilities

Response
Time

Number of Facilities

© 2007 Pearson Education

5-26

PDF created with pdfFactory Pro trial version www.pdffactory.com

13


http://www.pdffactory.com

Where inventory needs to be for a one week order
response time - typical results -->1 DC

Where inventory needs to be for 2 5 day order
response time - typical results --> 2 DCs

PDF created with pdfFactory Pro trial version www.pdffactory.com
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Where inventory needs to be for a 3 day order
response time - typical results --> 5 DCs

Where inventory needs to be for a next day order
ponse time - typical results --> 13 DCs
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Where inventory needs to be for a same day / next
day order response time - typical results --> 26 DCs

A Framework for Network Design
Decisions

Competitive STRATEGY \ < GLOBAL COMPETITION
PHASE I -
Supply Chain
INTERNAL CONSTRAINTS _ Strategy TARIFFS AND TAX
Capital, growth strategy, > INCENTIVES
existing network ‘
PRODUCTION TECHNOLOGIE: REGIONAL DEMAND
. »
p— Costz S;al:]/Sc_tl))l_)E impact, support > PHASE 11 P Size, growth, homogeneity, |
required, flexibility Regional Facility | ~ local specifications
co / Configuration
MPETITIVE ——
ENVIRONMENT POLITICAL, EXCHANGE | e
‘ RATE AND DEMAND RISK
PHASE III
Desirable Sites | mmm— AVAILABLE
/ INFRASTRUCTURE

PRODUCTION METHODS

Skill needs, response time ll

FACTOR COSTS g PHASE IV P LOGISTICS COSTS

Labor, materials, site specific | Location Choices L | Transport, inventory, coordination
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Framework for Network Design Decisions
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The Logistics Network

The Logistics Network consists of:
@ Facilities:
Vendors, Manufacturing Centers, Warehouse/ Distribution

Centers, and Customers

@ Raw materials and finished products that flow between the
facilities.

© 2007 Pearson Education 1-34
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Conventional Network
[P ; [P [P
Materials . Customer
Vendor DC Finished Customer Store
DC GOOdS DC DC 715\
| (|
ﬁ%m Customer
. Component S,t.(.)f?
Vendor Manufacturing [—"] [Trrvvv|
DC Plant Customer \  Customer
ﬁ Warehouse DC Store
Components
[P DC Customer
Vendor NE— n— Store
DC EREEEEE| Finished T
e EEEnD Customer
inal Goods DC DC
Fina Customer
Assembly | Store
© 2007 Pearson Education 5-35
Network Design
The Key Issues:
1. Number of warehouses
2. Location of each warehouse
3. Size of each warehouse
4. Allocation of products to the different warehouses
5. Allocation space for products in each warehouses
6. Allocation of customers to each warehouse
© 2007 Pearson Education 1-36
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Network Optimization Models

@ Allocating demand to production facilities
@ Locating facilities
L 4 capacity

Key Costs:
*Fixed facility cost
*Transportation cost
*Production cost
*[nventory cost
*Coordination cost

Which plants to establish? How to configure the network?

© 2007 Pearson Education
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Demand Allocation Model
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x; = Quantity shipped from
plant site i to customer j
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Plant Location with Multiple Sourcing

¢y, =1 if plant is located
at site 1, 0 otherwise

@ x;; = Quantity shipped
from plant site 1 to
customer |

© 2007 Pearson Education
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Plant Location with Single Sourcing

¢y, =1 if plant is located
at site 1, 0 otherwise

@ x; = | if market j is
supplied by factory i, 0
otherwise

© 2007 Pearson Education
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Complexity of Network Design
Problems

@ Location problems are, in general, very difficult
problems.

@ The complexity increases with
— the number of customers,
— the number of products,
— the number of warehouses located

— the number of potential locations for warehouses,

© 2007 Pearson Education
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Next Session

Supply Chain Management: Strategy, Planning,

and Operation -3/E: by S. Chopra and P.
Meindl

@ Ch.13: Transportation in a Supply Chain
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