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What is a supply chain?

m Figure 1

An example logistics
supply chain.
Transportation
networks move
goods among
facilities; material
handling networks
move goods within
facilities.

What is logistics?

The Logistics Supply Chain

Logistics

A supply chain is the collection of all components and functions associated with the creation and ultimate
delivery of a product or service. m Figure 1 illustrates an example product supply chain.
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Logistics is the collection of activities associated with acquiring, moving, storing and delivering supply
chain commodities (i.e., products in all stages of manufacture, services and information).! Logistics
encompasses the business functions of transportation, distribution, warehousing, material handling, and
inventory management, and interfaces closely with manufacturing and marketing.

Logistics supply chains (also called logistics systems or logistics networks) arise in numerous business
segments and government functions, including: manufacturing firms, retailing firms, food producers and
distributors, the military, transportation carriers (such as trucking and railroad companies), service
companies, postal delivery, utilities, petroleum pipelines, and public transportation, among others.
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m Figure 2

U.S. business
logistics costs
compared to major
federal expenditures
(1993, in billions).

The Logistics Supply Chain (continued)

Significance of Logistics

Logistics is a key business function for many reasons, including the high cost of operating a supply chain.
Estimated total logistics costs incurred by United States businesses in 1993 was 670 billion dollars?, or
roughly 11% of the U.S. Gross Domestic Product (GDP). This cost is higher than the annual U.S.
government expenditures in social security, health services, and defense (m Figure 2)°.

$700
$600
$500 -
$400 A
$300 -
$200 A
$100

$0

Social Security Health Services Defense Business Logistics

Beyond costs, business logistics is increasing in importance due to the following:

e Deregulation. Inthe U.S,, transportation (including rail, trucking, and air modes) has shifted from a
highly regulated to an increasingly free market industry. The result is more choices and complexity
regarding logistics services and costs, and more opportunities to improve business operations.

» Global Markets. The business marketplace is increasingly global in scope, with world trade projected
to increase from four trillion U.S. dollars in 1993 to over 16 trillion dollars by 2010*. Moving
products from point of origin to point of consumption on a global scale has obvious logistical
challenges. Further, manufacturing wages vary widely among countries, adding complexities in
determining smart locations to produce goods. For example, the average manufacturing wage is
projectesd to be $25.40 in the U.S. in the year 2010, compared to $45.80 in Germany, and $4.00 in
Mexico”.

«  Customer Service. Deregulation, global markets, and other factors create a more competitive business
environment, resulting in the need for supply chains that can deliver products quickly and accurately
and can adapt to rapid market changes.

» Environment. Current and future environmental regulations have significant implications on logistics,
and may fundamentally impact the locations of facilities including plants, storage facilities, and
recycling centers.

« Technology. Accelerating advances in technology significantly change and improve logistics
operations. Examples include automated bar code tracking of equipment, management of
transportation assets via satellite communications, electronic commerce, and computerized decision
support.
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What are key
logistics decisions?

m Figure 3

Some of the key
guestions faced in
designing and
operating a logistics
supply chain.

Logistics Decisions

Types of Logistics Questions

m Figure 3 illustrates fundamental questions arising in the design and operation of a logistics supply chain:

Where to produce &
assemble goods?

How much to produce?

When to produce?

Supplier

Where to store finished goods?
Where to store spare parts?

How much to store?

How to retrieve from storage?

Manufacture

H

Where to acquire
materials &
components?

Warehouse

T

What markets to serve?
What level of service?
What level of service cost?

A

\

AN

~ = What vehicle routes?
What shipment routes?

Manufacture

H

What fleet size?

Warehouse

(G

7y

How much to ship?
When to ship?
What modes of transportation?

1. Multiple business functions are impacted.

2. There are tradeoffs among conflicting objectives.

3. Logistics system impacts are difficult to precisely evaluate.

4. There are business issues unique to each logistics system.

5. Quantitative analysis is essential for intelligent decisions.

e

/

While this is only a sampling of logistics questions, the questions lead to a wide variety of difficult issues
involving the design and operation of logistics systems. Most of these logistics decisions embody five
fundamental characteristics:
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Logistics Decisions (continued)

Logistics strategies m Figure 3 illustrates specific logistics questions - at a higher level, an organization must select

narrow down appropriate logistics policies or strategies to support the company’s financial, service, or other goals.

2:)'3‘(’)”;;"5'6 logistics Logistics strategies provide a framework for the type and scope of specific logistics decisions. Often,
choosing the right strategy is more significant (from a financial or customer service standpoint) than
optimizing specific lower-level decisions.
As an example, a common distribution strategy is to ship all products to a customer from a single
distribution center (DC). Another common strategy is to ship to a customer from multiple DCs. Choosing
the best DC(s) to serve the customer is a specific logistics decision in either strategy, but the allowable
choices are shaped by the respective strategies (m Figure 4). (The Logistics Strategies section discusses
contemporary logistics strategies in more detail.)

m Figure 4 Ship to a customer from a single warehouse?

ify Logistics Strat . )
At one level Sl (L RIIES S0 Ship to a customer from multiple warehouses?

companies must
choose smart
logistics strategies,
implying specific
logistics questions
to answer. Answer Specific Logistics Questions | \Which warehouse should supply a customer?

The following section describes a simple case study designed to illustrate a particular set of questions and
an associated analysis. Subsequent sections generalize and organize ideas in this case study analysis into a
logistics modeling framework.
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m Figure 5
Facilities
composing the
Sheridan
Technologies
supply chain -
plants are triangles,
distribution centers
are circles, and
customer groups
are squares.

Logistics Decisions (continued)

Case Study lllustration

Background

Sheridan Technologies, Inc. is an industrial products company operating three plants in the United States,
located in Huntsville, Alabama; Fort Wayne, Indiana; and Tucson, Arizona. The plants are dedicated to
product groups A, B, and C, respectively.

The plants ship finished products in Truckload (TL) quantities to five DCs, located in Allentown,
Pennsylvania; Atlanta, Georgia; Columbus, Ohio; Richardson, Texas; and Covina, California. The
company groups customers into three-digit ZIP code territories, with each ZIP3 assigned to a single DC.
The company ships via Less-Than-Truckload (LTL) common carriers out of the DCs, typically weekly for
each customer.

m Figure 5 illustrates the company’s current supply chain facilities and customer groups. Note the
customer groups are scaled to relative average order quantities.
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m Figure 6

Links depict the
current assignment
of customers to
distribution
centers.

Logistics Decisions (continued)

m Figure 6 illustrates the company’s current assignment of market territories to DCs. The current sourcing
assignments have developed historically over several years, and have been influenced by various factors
including workload balance, company growth, politics, and historical partnerships.
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The new Vice President of Logistics at Sheridan Technologies has initiated a study of the company’s
logistics supply chain operations, and formed a project team to analyze the following:

1. Given the company’s single sourcing distribution strategy (supplying all products shipped to a
customer from a single DC), are the customer territories being supplied from the right DCs?

2. Should the company consider changing to a split-sourcing distribution strategy? Which customers
should be served from which DCs under this strategy?

3. Under the company’s current single sourcing distribution strategy, what is the optimal number and
location of DCs that minimizes logistics costs?
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Computer-based
model needed

The model is a
simplified
representation of the
actual system

Aggregate historical
shipments to estimate
future demand

Shipment costing and
cost allocation

Evaluating the
accuracy of the
model

Logistics Decisions (continued)

Developing a Model of the Logistics System

The project team decides to develop a computer-based decision support model of the company’s logistics
supply chain, so potential changes to the system can be quickly generated and evaluated (both interactively
and using automated algorithms). Graphics are needed to better understand the supply chain structure and
tradeoffs of possible alternatives and to interactively specify alternatives.

Before generating and analyzing any changes to the current system, the project team first wants to create a
simplified model representation and ensure the model accurately represents the actual logistics system. A
simplified model is desirable to better understand the significant elements and costs of the supply chain
and to allow alternatives to be rapidly generated and easily interpreted.

One year’s historical shipping information will be analyzed to capture any monthly or quarterly seasonal
variations in customer ordering patterns. The company’s mainframe computer holds over 100,000 freight
bills paid to trucking companies last year, so the team decides to simplify the analysis by calculating the
average order quantity and order frequency by each three-digit ZIP region.

For each average order quantity the corresponding outbound LTL cost is determined using LTL freight
rating tables. The team notes that there may be some error introduced by calculating costs in this manner
(as the LTL rates are not linear but are discounted for higher volumes), but the error should be small as the
company’s just-in-time policy requires a fairly steady flow of products. As Truckload shipments inbound
to the distribution centers are actually composed of orders from many different customer regions, the
associated inbound TL costs must be fairly allocated over individual customer territories and products.
The project team uses the average order quantity by product family to estimate a customer’s portion of a
Truckload shipment .

Using average order quantities, the estimated annual LTL and TL costs are about 10.5 million dollars and
about 2.1 million dollars, respectively. The team decides to ignore storage and handling costs as they are
roughly comparable among the DCs. The estimated transportation costs are very close to the actual
company TL and LTL expenses for the past year. The team also checks several customer territories and
compares the estimated LTL costs to the actual LTL freight costs to that customer. In all cases the
estimates are within a few percent, so the team believes the cost estimation method based on average
quantity shipping costs and allocated TL costs are a reasonable model of true transportation costs.

Logistics Composite Modeling « (11996 Ratliff & Nulty 7



m Figure7

LTL $/Ib. rate
contours from the
750 ZIP3 code for
shipments over
1000 Ibs. Note the
rates generally
increase for longer
shipping distances,
but there are many
exceptions.

Logistics Decisions (continued)

Generating and Evaluating Alternatives

Armed with a reasonable model of the company’s logistics supply chain, the project team sets out to analyze
and improve the transportation configuration. It is not clear if the current assignment of customer territories
to distribution centers is smart - many of the current assignments in m Figure 6 do not look very intuitive, but
the team knows LTL transportation rates are influenced by factors other than just shipping distance, such as
the trucking company’s own transportation infrastructure.

For example, trucking rates are disproportionately more expensive shipping to Florida, because Florida is a
consuming state and trucks must often leave the state empty. The team generates graphics of LTL rate
contours to better understand the relationship of current DCs and customer territories - m Figure 7 illustrates
the rate contours for 1000-2000 pound shipments originating from the company’s Richardson, Texas DC.
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m Figure 8
Optimal single
sourcing
assignment using
the current set of
distribution
centers. Each DC
defines a general
geographic
territory, but the
customer
assignments do
overlap due to
differences in LTL
shipping rates.

Logistics Decisions (continued)

Next, the best assignment of markets to DCs is evaluated, given the company’s current single sourcing
strategy. The team decides to treat DC throughput as uncapacitated as each current DC is not nearly fully
utilized, and additional shifts can be run if necessary. Thus the best assignment for each market is simply the
DC delivering the average market shipment at minimal total transportation cost. The team calculates the
inbound TL costs to each DC and weights the TL costs to each market depending on individual product
volume.

m Figure 8 illustrates the assignment of markets to DCs minimizing total transportation costs. The total
annual LTL and TL costs for this solution are roughly 10 million and 2.1 million dollars respectively, a
savings of roughly 500 thousand dollars annually. The team notes the influence of the LTL rate structure and
inbound TL costs on market assignments - obviously the DC nearest a market is not always the best.
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The best split-sourcing solution is calculated in the same manner, with total annual LTL and TL costs roughly
11.2 million and 2.1 million dollars, respectively. Thus the split-sourcing solution increases costs by roughly
700 thousand dollars annually over the current configuration. The project team rationalizes that single
sourcing reduces costs because shipping all products together in larger shipment volumes is less expensive
(though individual products may be sourced from a more expensive DC).
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m Table 1

Total annual costs
(in millions) with
each DC closed,
respectively.

m Figure 9
Optimal customer
allocation with the
Columbus DC
closed. Atlanta and
Allentown pick up
most of the
reassigned shipping
volume.

Logistics Decisions (continued)

Next, the project team decides to investigate the effect of consolidating existing distribution centers. As
there are only five DCs it is easy to enumerate the respective solutions with each DC closed. m Table 1
illustrates the total inbound TL and outbound LTL costs associated with closing each existing DC one-by-
one.

best
$12.1

Covina
$12.9

Richardson
$12.75

Columbus
$12.5

Atlanta
$13.4

Allentown
$12.9

Closing Columbus increases transportation costs by the least amount, resulting in the allocation illustrated
in m Figure 9. If the cost to operate this facility is greater than $400,000 annually, then closing this DC
reduces total costs. The team intuitively believes this is the least important DC, as it is close to Atlanta
and Allentown and these DCs are needed for the heavy Southeast and Northeast regions.

The project team next decides to investigate a supply chain configuration not restricted to the current
distribution centers. By visual inspection of customer geographical proximity and average order volumes,
the team selects 25 DC locations to be analyzed as candidate sites. Each DC is estimated to cost $200,000
annually to operate, independent of the actual shipment volume handled by the DC.
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m Figure 10
Optimal number
and location of
distribution
centers, and the
optimal allocation
of customers to
DCs. This
configuration of the
supply chain
reduces annual
costs by over 2
million dollars.

Logistics Decisions (continued)

Lastly, the team develops a mixed-integer mathematical optimization formulation with open/close integer
variables representing opening/closing candidate DCs. m Figure 10 illustrates the candidate DCs and the

optimal selection of DCs to open and associated market assignments.
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Note the existing Covina facility is selected, but Charlotte is selected to handle the Southeast and
Northeast, and Denver and Minneapolis are opened to handle the Midwest and parts of the Northwest and
Southwest. The total transportation cost of this solution is roughly $10 million annually, a savings of over
$2 million annually compared to either the current supply chain configuration or the best single sourcing
solution. The project team notes the severe overlap of DC-customer allocations due to the

disproportionate structure of LTL rates.
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Logistics Composite Modeling

Elements of Composite Modeling

Motivation of a The scope and complexity of the logistics questions outlined in the previous section suggests there is no
ComDOSiLe modeling single best approach, best representation, best model, or best algorithm for optimizing logistics decisions.
approac

However, there are a growing array of decision support concepts and tools from operations research,

Each logistics supply chain has some unique characteristics which will always frustrate and complicate the
job of the logistics decision maker.

geographic information systems, database management and graphical user interfaces that (when properly

brought together under the decision maker’s control) immensely improve the quality and timeliness of

logistics decisions. m Figure 11 illustrates concepts and tools useful in logistics analysis.

m Figure 11
Major elements of
the composite
modeling approach. Data Models

Rationalization

Object-Oriented

Logistics
Strategy

Linear/Integer
Programming

Algorithms

Spreadsheets

Simulation

Human

Client/Server
Architecture

Judgment

Movement
Requirement
Data

Database
Software

Each of these
concepts or tools
contributes to the
logistics analysis
process.

Heuristics

Modeling
Languages

Visual

Graphical User

Interfaces

Transportation

Asset
Data

Evaluation &
Benchmarking

Supply Chain
Infrastructure

Costing

Geographic
Information
Systems

Strategic, Tactical

Activity-Based

& Operational
Models

Data
Aggregation &
Hierarchical
Models

Logistics analysts are naturally biased to their particular modeling expertise: for example, a logistics

practitioner may focus on benchmarking models; an operations research analyst may focus on

mathematical optimization models; and a computer scientist may focus on object-oriented data models.
However, each of these elements is important and should be included in a composite model. The next

section organizes these elements into a framework for logistics analysis.

Logistics Composite Modeling « (11996 Ratliff & Nulty
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m Figure 12

The elements of
composite modeling
are organized into
an iterative analysis
process. Iteratively
generating and
evaluating
alternatives may
suggest refinements
to strategies,
logistics objects, and
decision support
architecture.

Logistics Composite Modeling (continued)

The Composite Modeling Process

Given the complex questions and tradeoffs involved in a logistics supply chain, the only practical way to
determine how to improve logistics operations is to generate and evaluate logical alternatives. The
structured approach presented here brings together a variety of tools and the logistics decision maker into a
Logistics Composite Model (LCM) for optimizing logistics decision-making. m Figure 12 illustrates the

major elements of the LCM analysis process.

Freight consolidation
Just-in-time movements
Continuous move routing
Warehouse consolidation

Logistics
Strategies

Logistics
Objects

Model
Supply chain infrastructure
Movement requirements
Transportation infrastructure
Object-oriented data models

Generate

Alternative

Interactive optimization
Heuristics

Logistics
Composite

Inbound/outbound integration
Fixed/master/variable/dynamic routing
Mode selection

Single sourcing

Decision Support
Architecture

Geographic information systems
Modeling languages
Spreadsheets

Client/server architecture

Benchmarking & rationalization

Activity-based costing
Aggregation/hierarchical models
Simulation

Network flow/linear programs
Mixed-integer programs

These modeling concepts and tools of LCM are described in detail in the following sections.
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Logistics Strategies

Introduction

Logistics Strategies includes the business goals, requirements, allowable decisions, tactics, and vision for
designing and operating a logistics system. Although some logistics strategies impact decisions
throughout the supply chain, for clarity the application areas of strategies can be generally organized as
illustrated in m Figure 13:

Vehicle Routing

& Scheduling Shipment Planning

m Figure 13
General classes of
applications in
logistics modeling.

Supply Chain
Planning

Transportation

Systems Planning Warehousing

Supply Chain Planning includes the location, sizing, and configuration of plants and distribution centers,
the configuration of shipping lanes and sourcing assignments, the aggregate allocation of production
resources, and customer profitability and service issues.

Shipment Planning is the routing and scheduling of shipments through the supply chain, including freight
consolidation and transportation mode selection.

Transportation Systems Planning includes the location, sizing, and configuration of the transportation
infrastructure, including fleet sizing and network alignment.

Vehicle Routing & Scheduling includes the routing and scheduling of drivers, vehicles, trailers, etc. Other
applications include dynamic dispatching, customer zone alignment, and frequency of delivery questions.

Warehousing includes the layout design and storage/picking operations of distribution centers.

Logistics Composite Modeling « (11996 Ratliff & Nulty 14



m Figure 14
General scope and
properties of
strategic, tactical,
and operational
model views.

m Table 2
Logistics
application areas
by modeling views.

Logistics Strategies (continued)

Strategic, Tactical, & Operational Model Views

Analyzing the various logistics strategies requires appropriate modeling views of a logistics supply chain.
Strategic, tactical, and operational models are three fundamental classes of modeling views, with general
properties shown in m Figure 14;

§ve

Strategic

Tactical

Operational

eproduction/distribution planning

esupply chain design
eresource acquisition
*broad scope, highly aggregated data

elong-term planning horizons (1 year +)

eresource allocation
emedium-term planning horizons (monthly, quarterly)

*shipment routing & scheduling
eresource routing & scheduling
enarrow scope, detailed data

eshort-term planning horizons (daily, real-time)

The logistics application areas in m Figure 13 can be organized into modeling views as shown in m Table

2. Examples of strategies for these application areas are illustrated in the next section.

supply chain | transportation shipment vehicle warehousing
planning planning planning routing
strategic site location | site location outsourcing fleet sizing | warehouse
capacity fleet sizing bid analysis layout
sizing - material
fleet sizing .
. handling
sourcing desi
esign
tactical production routing consolidation | routing storage
planning strategy strategy strategy allocation
sourcing network mode zone order
alignment strategy alignment picking
strategies
operational | MRP, DRP, load matching | shipment vehicle order
ERP dispatching dispatching | picking

Logistics Composite Modeling « (11996 Ratliff & Nulty
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m Figure 15

Cost and service
tradeoffs of a just-
in-time logistics
strategy.

Logistics Strategies (continued)

Contemporary Logistics Strategies

Just-in-Time Logistics

Historically, products have been “pushed” through a supply chain based on forecasts of future customer
demand. This strategy allows scale economies in the purchasing of raw materials, manufacturing batch
runs, and transportation shipments. However, costly inventories build up to protect errors in forecasts, and
the logistics system is slow-moving and inflexible to rapid market changes.

If we knew precisely where, when, and how much material is needed at each stage of a logistics supply
chain, goods could be moved through the supply chain just-in-time (JIT) for use by the next process,
without a need to build up inventories. Thus product replenishments are “pulled” all the way through the
supply chain from the point of sale. To control the precise movements of products, computerized
integration and tracking of supply chain operations is necessary.

JIT is a shift in thinking from inventory levels to inventory velocity or “turns.” For a specified time
period, the turn rate for a product is calculated by dividing total throughput by the average inventory level.
Note the turn rate is only one performance indicator of a logistics supply chain, and by itself is not a very
good measure. Often, higher inventory turn rates also mean higher transportation and service costs - m
Figure 15 illustrates this tradeoff:

Inventory Costs JIT Transportation & Service Costs
* leaner supply chain « smaller and more frequent shipments
* reduced inventory levels * increased transportation costs
* reduced inventory costs [ » much greater service required from

suppliers and the transportation system

JIT logistics impacts all five application areas illustrated in m Figure 13, particularly shipment planning
and supply chain design. Shipment planning is fundamentally affected as smaller and more frequent
shipments impact transportation mode selection and freight consolidation opportunities. The design of a
supply chain is also impacted as there is less emphasis on product storage.
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Logistics Strategies (continued)

Freight Consolidation

Strategies for consolidating freight are fundamental to shipment planning decisions. Shipments in the
logistics system can be routed and scheduled independently of each other or can be combined to try and
achieve transportation economies-of-scale. There are many ways to consolidate freight, including:

1. Vehicle routing. Individual shipments can be combined to share a transportation asset making
pickup or delivery stops at different facilities. This type of consolidation is called multi-stop
vehicle routing (m Figure 16).

m Figure 16 .‘ 4‘
/

Consolidating \

freight by “ ) /
combining S~
shipments onto ~ ﬁ
multi-stop routes. o<

\A.

shipments vehicle routes

1. Pooling. Individual shipments can be brought to a central location or pooled, creating large
shipments suitable for economy-of-scale transportation modes such as truckload or rail carload (m

Figure 17).
| o
m Figure 17 T
Consolidating ® e
freight by pooling T T
shipments at a o M
facility. -
“

individual shipments pooled shipments

1. Scheduling. Sometimes shipment schedules can be adjusted forward or backward in time so they
can be combined with other shipments.
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m Figure 18
Integrating
separate pickup
and delivery routes
into combined
routes.

m Figure 19
Tradeoffs of fixed
vs. Variable routing
strategies.

Logistics Strategies (continued)

Integration of Inbound and Distribution Logistics

Historically the purchasing and scheduling of supplier-to-plant inbound shipments have been treated
independently of the distribution of goods coming out of the plant. Coordinating inbound and outbound
shipments and resources requires more control of the logistics system, but can increase the utilization of
resources.

This strategy particularly impacts shipment planning and vehicle routing and scheduling. For example, m
Figure 18 illustrates separate delivery and pickup routes (left), and integrated delivery/pickup routes

(right).

separate delivery integrated delivery
& pickup routes & pickup routes

Fixed/Master Routes & Variable/Dynamic Routes

Fixed and master routes are regular vehicle route sequences and schedules developed using average demand
forecasts. Fixed routes are regular run each period without considering actual customer demand, while master
routes are adjusted slightly based on actual demand. In contrast, variable or irregular routes are tailored to
actual customer demand information. The extreme case of variable routes is dynamic routes, which are
adjusted dynamically as the routes are run. m Figure 19 illustrates the tradeoffs of these strategies.

Fixed/Variable

service & control costs Routes transportation costs
« regular routes are easier to manage « increased utilization of
« drivers develop familiarity with transportation assets.

customers and territories - e

Logistics Composite Modeling + (11996 Ratliff & Nulty 18



Logistics Strategies (continued)

Distribution Center Consolidation vs. Decentralization

Fundamental decisions in supply chain design include the number, location, sizing, and product
configuration of distribution centers. m Figure 20 illustrates two basic strategies: consolidated
distribution (fewer but larger distribution centers) and decentralized distribution (more but smaller
distribution centers).

m Figure 20

Customers can be

served from @
smaller, regional

distribution centers

or from larger,

centralized

distribution @ @

centers. decentralized consolidated

m Figure 21 illustrates the decision tradeoffs involved in the consolidation of distribution centers. Note
also that an increased number of distribution centers allows closer positioning of inventory to customers,
reducing delivery time to customers.

DC
m Figure 21 inventory & facility costs Consolidation  transportation & service costs
Cost and service « reduced facility costs }""‘1 « lower volume outbound lanes
tradeoffs of * it may be possible to reduce inventory « increased transportation costs
consolidating while maintaining equivalent customer W A « products further from customers
distribution service (because of a “wash” effect in « increased service costs
centers. demand forecast errors)

Private Fleet vs. For-Hire Fleet

Some manufacturing and retailing firms choose to own and operate their own transportation fleet. This
gives more control over transportation costs and service, but forces the firm into operations secondary to
the business. Private fleets are becoming less attractive as competition from transportation deregulation
has resulted in better service and lower costs from transportation providers. Additionally, deregulation
allows organizations to negotiate discounts for longer-term dedicated services from transportation
providers.
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W Figure 22

Cost and service
tradeoffs of
different
transportation
modes. These are
general and not
strict relationships
among modes - for
example, Truckload
mode is geared for
larger shipments
compared to LTL,
but is also generally
faster.

Transportation mode
and inventory costs

Logistics Strategies (continued)

Transportation Mode Selection

Mode selection is another fundamental concept in shipment planning. Common transportation modes
include overnight package, parcel, less-than-truckload (LTL), truckload (TL), and rail carload (CL), for
example. Each mode offers different cost and service advantages and disadvantages - ® Figure 22
illustrates the tradeoffs in choosing a transportation mode for a shipment.

larger shipments

-
- slower

Shipment Size

rail intermodal

less expensive
- P

Speed

et

truckload

slower

Transportation Cost

more expensive

A A

Service Response

Inventory Cost
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|
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-

~ | —
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parcel

air premium
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|
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Transportation mode impacts inventory costs in three different ways. First, slower transportation modes
create more in-transit or pipeline inventory. Second, larger shipment sizes may create order quantity
inventory, which arises if the batch shipment size is more than the amount of current demand. Third,
slower transportation modes may raise safety stock inventories needed to protect uncertainties in supply
and demand. A slower transportation mode increases the order lead time (the time between placing an
order and actually receiving the shipment), so more safety stock may be needed to protect against the lack
of knowledge about demand during the lead time. Thus smaller shipments via faster modes reduces all
three types of inventories, but associated transportation costs increase.
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m Figure 23
Continuous move
routes combine
separate trips to
increase vehicle
utilization.

m Figure 24

Split sourcing can
refer to shipping
the same product or
multiple products
from different
origins.

Logistics Strategies (continued)

Continuous Move Routing

Some trucking companies offer discounts for continuous move routes, where drivers and tractors are kept
highly utilized by coordinating the dropoff of an inbound trailer with the pickup of an outbound trailer. m
Figure 23 illustrates combining two truckload shipments into a continuous movement route. This route
reduces costs if the continuous move discount is more than the deadhead cost to travel to the origin of the
second shipment

deadhead
@

truckload shipments continuous move route

Single Sourcing

Single sourcing refers to satisfying all product demand at a location from one supplier - in contrast, split
sourcing refers to multiple suppliers satisfying the same demand location. The most common form of
single sourcing is between distribu