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Executive Summary

Inventory has been and continues to be the lifeblood of supply chains. Properly managed,
it drives revenue and efficiency for companies. But as the nature of supply chains
changes, so must the policies used to manage inventory. Traditional inventory manage-
ment practices are being made obsolete by increasing global supply chains and contract
manufacturing, more dynamic product life cycles, and multi-channel distribution.

Management Actively Re-evaluating Inventory Management Practices

Inventory management processes and technologies are being actively re-evaluated by
companies today. Nearly two-thirds of respondents to Aberdeen’s inventory management
study say they have made or been asked to provide recommendations in the past six
months to management on how to improve their inventory management technology.
Fully, 83% of companies say they have made or been asked to make process recommen-
dations within the past six months.

Inventory Management Goals Should be Re-evaluated: From Cost to
Competitive Weapon

The majority of companies are looking at inventory as a cost-related item (63%) but 27%
of companies are thinking of inventory as a way of gaining market share through superior
service and product availability. The truly visionary companies are leveraging their in-
ventory as a competitive weapon and have moved to network-based inventory manage-
ment versus doing it a facility or company level. They use inventory to optimally posi-
tion supply when and where it is most needed and most profitable. By performing seg-
mentation of their customer channels and products, these companies are able to attain
significantly higher return on assets than their competitors.

Characteristics of Best in Class Companies

Best in Class companies are defined as companies that have customer service levels
above 96% and that have simultaneously reduced inventory carrying costs (which corre-
sponds to the top 10% of respondents). The Best in Class are twice as likely as their peers
to:

e Use multi-echelon inventory optimization
e Have deployed a supply chain visibility system
e Use a forecasting system that supports customer-level forecasting

Overall, Best in Class companies are more likely to supplement process changes with
improved technology than are Industry Average and Laggard companies.

Recommendations for Action

1. Use network design technology for more frequent strategic decision making
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Companies should increase the frequency of their network strategy assessment to at least
once per year, and use this process for assessing business growth scenarios, supplier net-
work design, etc.

2. Evaluate a commercial multi-echelon optimization solution

The new generation of commercially available multi-echelon optimization solutions at
last enables companies to properly account for variation in the supply chain. Companies
with multi-echelon manufacturing or finished goods distribution networks should not
delay in investigating these solutions. Try a pilot project first before embarking on large
scale implementations.

3. Leverage investments in existing demand management tools and evolve towards
customer-level forecasting

Companies can gain significant value through customer segmentation for customer-
specific service levels and developing customer-specific forecasts.

4. Look to do usage-based supplier inventory collaboration

Increase supplier inventory collaboration and move away from arms-length purchase or-
der based transactions.
5. Actively manage in-transit inventory through supply chain visibility

Enterprises with long transit times should investigate the different ways to use in-transit
inventory as a virtual inventory bin to lower safety stock levels, reduce total delivered
costs, and maximize revenue opportunities.

6. Look for managed services approaches to bridge the skill set gaps for implementing
inventory management technologies and processes
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Chapter One:
Issue at Hand

¢ Inventory management and demand management/S&OP are the top supply chain
application areas of interest for companies.

o Two-thirds of respondents say they have made or been asked to provide recom-
mendations in the past six months to management on how to improve their inventory
management technology.
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e 27% of companies view inventory as a way of gaining market share through superior
service and product availability.

nventory has been and continues to be the lifeblood of supply chains. Properly man-

aged, it drives revenue and efficiency for companies. But as the nature of supply

chains changes, so must the policies used to manage inventory. Traditional inventory
management practices are being made obsolete by increasing global supply chains and
contract manufacturing, more dynamic product life cycles, and multi-channel distribu-
tion.

These trends are driving the need for companies to adopt new inventory management
technology that better accounts for supply chain complexity and can reduce inventories
by 20-30%, while simultaneously increasing customer service levels. Recent Aberdeen
research indicates that there is growing interest in inventory management:

e Companies were asked in an Aberdeen research in April 2006 about their top appli-
cation investment areas

— Inventory Management and Demand Management/S&OP were at the top

— Top performers and innovators were more likely to be prioritizing inventory
management over demand management

e Aberdeen’s July 2006 report on S&OP technologies revealed that only 11% of com-
panies feel that their inventory management technologies are adequate to support
their S&OP process whereas 57% of the companies would like to incorporate inven-
tory management into their S&OP process.

In response to this interest, Aberdeen conducted a research survey on inventory manage-
ment technology adoption and ROI in August and September 2006 across 160 compa-
nies. (See Appendix A for the demographics of the participants.)

This study confirmed that inventory management processes and technologies are being
actively re-evaluated by companies today (Figure 1). Nearly two-thirds of respondents
say they have made or been asked to provide recommendations in the past six months to
management on how to improve their inventory management technology. Fully, 83% of
companies say they have made or been asked to make process recommendations within
the past six months.

All print and electronic rights are the property of Aberdeen Group © 2006.
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Figure 1. Companies Are Actively Re-evaluating Inventory Management
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Source: AberdeenGroup, September 2006

As Figure 2 shows, the top reasons that companies are rethinking their inventory prac-
tices are to stem customer dissatisfaction and improve return on invested capital. An
emerging pressure for improving inventory processes is the complexities caused by in-
creased global sourcing and selling. Distribution-intensive companies are showing higher
pressure with respect to customer service levels and order to delivery times whereas
manufacturing-intensive companies are feeling more pressured to improve return on in-
vested capital and cope with global sourcing issues.

Figure 2. Top Pressures for Improving Inventory Processes

Corporate need to improve return on invested capital — 39%

Pressure to improve service levels or product o
- 36%
availability
Market pressure to reduce order-to-delivery cycle _ 339%
times ’

Global sourcing or selling is increasing lead times,
L . i 30%
variability, and inventory carrying costs
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Source: AberdeenGroup, September 2006
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Inventory Management Goals Should be Re-evaluated: From Cost to
Competitive Weapon

The majority of companies are looking at inventory as a cost-related item but 27% of
companies are thinking of inventory as a way of gaining market share through superior
service and product availability (Figure 3).

Figure 3. Primary Goal for Improving Inventory Management

Customer retention
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Source: Aberdeen , September 2006

During the past few years, companies have improved their supply chain performance
through tactical supply chain planning and execution solutions and have attained im-
proved operational capabilities. But the truly visionary companies are leveraging their
inventory as a competitive weapon and using it to hedge the demand. They use inventory
to optimally position supply when and where it is most needed and most profitable.

e By performing segmentation of their customer channels and products, these compa-
nies are able to attain significantly higher return on assets than their competitors.

e These companies are able to tie their demand management and sales and operations
planning processes closely with the inventory process.

e They are able to achieve increased supply availability in response to the most profit-
able demand, resulting in increased customer service levels and market share gains.

e These companies are able to attain top line revenue increases through inventory man-
agement even in situations where the rest of their competitors are facing a flat mar-
ket.

Through performing 80/20 analysis, these leaders are optimizing their investment in in-
ventory, and production, procurement and distribution assets. These companies are able
to analyze their inventory network as well as policies and able to add inventory where
there are opportunities for winning additional market share and reduce inventory where
they are not needed. They do not trim inventories across the board to reduce cost.
Through this approach, they are able to increase their overall customer service levels
while simultaneously reducing their total inventory carrying costs. Thus these companies
are able to improve other key metrics like customer retention, gross margin and inventory
turns.

All print and electronic rights are the property of Aberdeen Group © 2006.
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Enterprise Accomplishments

High Tech Example:

Texas Instruments has consistently proven itself as a top-performer in
regards to adherence to customer requested dates -- and has one of the
best process disciplines with respect to inventory management.

The company indicates that this is no accident. Inventory Management
within their companies, they assert, is more than just cost reduction - it
has evolved into a competitive tool.

Pharmaceutical Example:

Organon, a global pharmaceutical manufacturer, operates 11 production facilities and
distributes its products across a global supply chain. High stock levels were a constant
concern for the enterprise, but necessary to ensure customer order fulfillment.

Organon needed a solution that would help reduce inventory costs and improve ser-
vice performance with more accurate forecasts, provide visibility across the supply
chain and help optimize the supply chain across the various sites from active ingredi-
ent to finished product.

Thanks to an inventory optimization solution, Organon has the right product at the
right place at the right time. Forecast accuracy was improved by 20%-30%, resulting
in stock reductions at the manufacturing sites of approximately 10%-15% while keep-
ing a 99.9% delivery reliability.

Automotive Example:

Castrol, a leading global lubricant manufacturer, was faced with excess inventories and
inaccurate forecasts. Slow moving products had excess inventory whereas the fast
moving products were out of stock. Safety stocks were set manually mostly based on
personal experience. In addition, there was significant expediting costs.

As an integral part of a Sales Inventory and Operations Planning (SIOP) program Cas-
trol implemented a multi-echelon inventory solution. This has reduced total network
inventories by 35% (20% in the first year after implementation and then 20% again in
the following year). Despite the lowered inventories, service levels to customers, as
defined by “line fill rates,” are up by 9% overall.

All print and electronic rights are the property of Aberdeen Group © 2006.
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Chapter Two:
Key Business Value Findings

o 36% of Best in Class are doing multi-echelon inventory optimization (versus 17%
of all companies)

o 57% of Best in Class indicate they have an existing supply chain visibility system
(versus 27% of all companies)
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o Bestin Class are twice as likely to have cross-functional product teams.

o Companies that rate themselves above average are more than 2.5 times as likely to
update their inventory policies multiple times a year.

Aberdeen defined Best in Class companies as companies that have customer service lev-
els 96% and above and that have simultaneously reduced inventory carrying costs. This
corresponded to about 11.25% of the overall pool of respondents. About 55% of these
Best in Class companies are distribution intensive and 45% of companies are manufactur-
ing intensive. Roughly 38% of these Best in Class companies are large enterprises, with
the rest primarily midsize companies.

Best in Class companies hold much different attitudes toward supply chain inventory
management than do their peers. Best in Class companies achieve higher improvement
rates as a result of their better inventory management practices (Figure 4).

These improvements are even greater when companies apply technology to these prac-
tices, such as supplier collaboration technology or multi-echelon inventory optimization
tools. In fact, these technology-enabled companies are achieving 20-30% improvements
in these KPIs from their inventory management initiatives.

All print and electronic rights are the property of Aberdeen Group © 2006.
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Figure 4: Best in Class Companies Achieve Better Results
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Characteristics of Best in Class Companies

These are some of the differentiating characteristics of Best in Class companies:

e 36% of Best in Class are doing multi-echelon inventory optimization (versus
17% of all companies)

e 57% of Best in Class have an existing supply chain visibility system (versus
27% of all companies)

e 52% of Best in Class have a forecasting system that supports customer-level
forecasting (versus 27% of all companies)

It is clear from the above that technology plays an important role in inventory manage-
ment success. Process changes are important but in order to achieve sustainable benefits,
Best in Class companies are more likely to supplement process changes with improved
technology.

As Figure 5 shows, the Best in Class are much less likely than their peers to be relying on
simple rules of thumb for setting inventory policies. Instead, they are much more likely
to be using multi-echelon inventory technology. This technology globally optimizes in-
ventory policies across supply chain tiers, accounting for both demand and supply vari-
ability using a stochastic (probabilistic) approach versus a rules-based or deterministic
approach that does not fully account for variability.

All print and electronic rights are the property of Aberdeen Group © 2006.
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Figure 5. Inventory Policy Approaches
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Inventory Management Organization Strategy

One of the concerning results from the survey is that some 50% of companies are still not
managing at a network level but at a location level (Figure 6). Best in Class companies
are two times more likely to have cross-functional product teams than other companies.

Figure 6. Inventory Organizational Strategy
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Source: Aberdeen , September 2006

Customer service levels are higher for those companies that manage inventory through
cross-functional teams or have a single owner of end-to-end inventory (Figure 7). Com-
panies that have cross-functional teams are able to identify innovative ways to reduce
customer lead times and inventory carrying costs across their functions rather than focus-

All print and electronic rights are the property of Aberdeen Group © 2006.
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ing on how to slash inventory within their own functions, which can create undesirable
side effects for other parts of the organization. Renewed interest in sales and operations
planning is resulting in more process innovations in the area of inventory management.

One of the survey respondents was a director at a large high-tech electronics
manufacturer. Their company has created an S&OP cross-functional team with
a specific individual responsible for inventory. Their current technology stack
consists of a large ERP system and a best of breed APS solution which is set up
in a siloed departmental manner. However he hopes that this system can be
modified in the future to support their cross-functional focus on inventory and
S&OP.

Figure 7. How Inventory Organizational Strategy Impacts Customer Service Levels
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Source: Aberdeen , September 2006

Strategic Actions to Improve Inventory Management

Two classes of organizations were surveyed about their inventory management practices:
distribution-intensive companies and manufacturing-intensive companies.

e Distribution-intensive companies have a large percentage of supply chain costs tied
up in finished goods inventory and distribution networks. These include consumer
packaged goods, distribution, wholesale, and retail organizations.

e Manufacturing-intensive companies have a large percentage of supply chain costs
tied up in manufacturing processes, including the management of contract manufac-
turers and component suppliers. These include auto, high tech, industrial equipment,
metal products, and aerospace manufacturing.

All print and electronic rights are the property of Aberdeen Group © 2006.
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Each group was asked about the strategic actions that they are taking to address the key
pressures within their industries (Figure 8). The objectives of distribution-intensive com-
panies and manufacturing-intensive companies are surprisingly similar except that the
distribution-intensive companies are slightly more focused on customer requested dates.

Figure 8: Top Strategic Actions for Improving Inventory Management
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Source: Aberdeen , September 2006

Technology Components of Inventory Management

Figure 9 illustrates the six major components of a technology-enabled inventory man-
agement strategy. For each of these components, companies need to identify what levers
to adjust within the lead-time, variability and profitability dimensions to improve their
customer services levels and reduce inventory simultaneously. Each of these six areas
can deliver significant value for companies and help them move toward using inventory
management not just to control costs but to drive market advantage.

All print and electronic rights are the property of Aberdeen Group © 2006.
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Figure 9. Components of an Inventory Management Technology Strategy
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Source: AberdeenGroup, September 2006

Network Design

Frequency of Network Design Evaluation

Given globalization and dynamic customer requirements, it is concerning that half of
companies are looking at their network design only once every two to five years (Figure
10). One reason is the lack of adequate technology tools as well as associated processes.
This area has been dominated by spreadsheet based tools as well as private consultants.

Figure 10. Frequency of Network Design
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Source: AberdeenGroup, September 2006
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What Are Companies Doing Within Network Design?

Companies are increasingly using network design beyond just identifying where to build
facilities and warehouses (Figure 11). They have started thinking about where and how
much inventory to place along with how to redesign distribution networks to mitigate
transportation time, cost, and capacity constraints.

Best in Class companies are more likely than their peers to be maximizing the use of net-
work design technology:

e Changing network to support business growth (59% versus 37% of all companies)

e Supplier network change modeling (e.g., Low Cost Country Sourcing) (73% versus
39% of all companies)

e Changing network to improve transportation costs and capacity (64% versus 46% of
all companies)

Figure 11. Goals for Doing Network Design
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Source: AberdeenGroup, September 2006

The network design architect at a large diversified manufacturer with global opera-
tions indicates that in last 12 months they have been facing more and more chal-
lenges with getting data due to rapid globalization of their supply chains -
cost/pound, cost/carton, lead-times, freight lanes, etc. They are resorting to doing
simulation and stochastic analysis to come up with more accurate network designs.

Inventory Optimization

Aberdeen research finds that companies have been slowly but steadily moving toward
more advanced inventory optimization techniques like multi-echelon inventory optimiza-

All print and electronic rights are the property of Aberdeen Group © 2006.
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tion (Figure 12). Today, 20% of companies report using multi-echelon techniques com-
pared to 12% of companies in 2004. And 29% of large companies are saying that they are
using this approach. As previously mentioned, Best in Class companies are more than
twice as likely to use multi-echelon techniques than other companies.

Figure 12. Inventory Policy by Size of Company
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Source: Aberdeen , September 2006
The definitions of each of the approaches in Figure 12 are:

V' General rules-based approach: Set blanket inventory targets for product lines or
facilities, frequently as a static “weeks of supply” rule.

\' ABCD approach: Categorize inventory into fast, frequent, and sporadic movers
and apply inventory targets to each category.

N MRP/DRP and APS approach: Use a deterministic approach to compute inven-
tory targets, which are computed sequentially for each supply chain echelon (tier);
assumes a normal demand distribution.

\' Multi-echelon inventory optimization approach: Use a stochastic (probabilistic)
approach to compute inventory targets in one pass across multiple echelons. This
approach accounts for supply chain variability (e.g., real demand distribution or
lead time variability) and the interdependencies across multiple echelons.

However, the use of multi-echelon approaches is still maturing. In fact, around 40% of
the companies that report using multi-echelon tools are in fact not taking a pure multi-
echelon optimization approach. Instead, they are setting customer service levels for each
level in the supply chain and separately calculating the inventories rather than obtaining

All print and electronic rights are the property of Aberdeen Group © 2006.
12 « AberdeenGroup



The Technology Strategies for Inventory Management Benchmark Report

the inventory based on global cost and service-related calculations. In addition, 60% of
companies are planning at the finished goods regional distribution warehouses and 53%
are planning at the manufacturing and assembly locations. In other words very few cus-
tomers are planning at every level in the echelon — still the ability to consider variability
and the ability to focus on the critical levels of their supply chain based on their industry
(manufacturing intensive or distribution intensive) results in better performance through
usage of multi-echelon solutions.

A large consumer product company has been able to achieve 99% service levels with
a 25% reduction in inventory through the usage of “"mix-optimization” techniques re-
sulting in the ability to re-plan inventory once every 2 months. Mix-optimization en-
ables operations to reduce inventory while maintaining stringent customer service
level requirements.

If a product group demands a 98% service level, operations can mix the physical in-
ventory - set some of it at 99%, some at 95% percent. This helps the company
achieve a 98% service level overall, with 20%-30% less inventory.

How OlId Is Your Inventory Policy?

Another drain on financial performance is that companies’ inventory strategies are rarely
kept up to date with real-life conditions. Nearly 50% of companies (both distribution-
intensive as well as manufacturing intensive) say they update their inventory strategies
on an annual or less frequent basis. This frequency of analysis is not sufficient given to-
day’s global sourcing and contract manufacturing strategies, which create more variabil-
ity. Survey results show that companies that are above average inventory perform-
ers are more than 2.5 times as likely as other companies to update their inventory
strategies and policies multiple times a year.

Farma Lepori , an European Pharmaceutical manufacturer, has implemented an inven-
tory management and replenishment system that integrates with their ERP system and
addresses the unique characteristics of their pharmaceutical supply chain, including:
lot-based production, lengthy replenishment times of up to three to four months due to
fixed lot sizes, lot track and traceability, etc.

The company now has improved demand modelling accuracy at highly granular levels
of aggregation and has defined a global service policy that takes into account expira-
tion dates and lot sizes. This has allowed them to establish higher service levels for
selected SKU/Ls; such as newly-launched or promotional products, strategic products,
etc.
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Customer Level Forecasting
Companies need to adjust their forecasting process to leverage inventory as a competitive

weapon. One way to do this is to align their forecasting process to the customer service
level and lead-time reduction requirements.

Different products have different costs and lead times. For e.g. a customer who requires a
custom part from a manufacturer (Build to Order) will have different service require-
ments as compared to a customer who sells a commodity (Build to Stock) part. Thus seg-
mentation of the customers based on their inventory management requirements is neces-
sary.

Seasonal industries can see large swings in demand as well as lead time variability across
demand peaks and lows driven by seasonality. Construction equipment companies are
examples of companies that have long-term seasonality and apparel industry involves
short term seasonality.

Customer-level forecasting is particularly critical for effective inventory management in
these environments:

e Combination of Build to Order/Build to Stock business models
e Seasonal or cyclical environment
e  VMI environments

e Promotion-driven environments

Remy International is a leading global manufacturer and re-manufacturer of aftermarket elec-
trical components, original equipment electrical components, and aftermarket power
train/drive train components for automobiles, light trucks, heavy duty truck vehicles.

As a re-manufacturer, Remy needed a way to: manage demand across multiple channels
through improved forecasting of both sales and reverse logistics; optimize inventory across its
supply chains; and integrate reverse logistics into its production planning process.

Remy implemented a customer-level forecasting system along with other inventory technolo-
gies.

The Director of Supply Chain and Inventory Management, Remy International, comments:
“Now we actually walk through the summer season together with our customers. As they ramp
up their inventory, we are in synch with their needs,” comments the director. “"As we get to the
middle of August, when the retailers historically stop placing orders, we know what is coming,
and we already have our factories winding down.”

Inventory Collaboration

Aberdeen research finds that inventory collaboration and collaborative forecasting are
driving the best improvements among collaborative efforts (Figure 13).

Nearly half of respondents from an Aberdeen survey report shifting from using purchase
orders and release notices to trigger supplier replenishment to having some suppliers do
min/max replenishment instead. This is often called supplier-managed inventory. To do
this, a company sets the minimum and maximum target levels for an item at a plant or
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other company location, and then asks the supplier to take responsibility for ensuring that
inventory is maintained within that range.

Supplier collaboration technology is helping companies execute these strategies by:

1) Providing real-time views to suppliers of information, such as on-hand inventory,
forecasts, current and future production schedules, and order commitments — this helps
suppliers plan efficient replenishment processes.

2) Providing shared status dashboards to warn of impending problems, such as red (under
the minimum), blue (over the maximum), and green (in range) indicators for inventory
positions.

3) Letting a company’s materials managers and purchasing agents see shipment notifica-
tions and perhaps even supplier in-process activities. With visibility to in-transit inven-
tory, for instance, a materials manager can understand that even though on-hand inven-
tory has dipped below its minimum target, a shipment is on its way so no action needs to
be taken.

Figure 13. Value Gained Through Collaboration Initiatives

Collaborative forecasting _ 79%
Collaborative inventory management 7_ 76%
Collaborative replenishment 7_ 69%
Collaborative alert mgmt and resolution 7_ 62%
Collaborative sales and operations planning 7_ 61%
Collaborative product & packaging design 7_ 59%
Collaborative transportation 7_ 54%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

‘. Improved cycle times and process reliability

Source: AberdeenGroup, September 2006

Inventory Execution

Companies are facing challenges with inventory execution both at the customer and sup-
plier sides. From a customer perspective, having disparate ERP systems at the different
warehouses and distribution centers results in poor replenishment/execution capabilities
at the network level. This results in increased cost of operations and declining customer
satisfaction due to the inability to react to customer compliance needs and increasing in-
ventory costs. To address this, many supply chain execution systems have an inventory
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execution module that allows a single view to the customer irrespective of various execu-
tion systems

On the supplier side, typical inventory execution systems are based on purchase orders
rather than based on demand signals. Supplier min/max replenishment can be done with
or without the supplier owning the inventory at the customer. It will generate inventory
savings and service level improvements to a company, while helping its supplier mini-
mize inventory excesses and create more efficient production schedules and transporta-
tion moves.

Being successful with the min/max approach requires inventory accuracy and good plan-
ning systems and planners. For instance, a standard kanban process may be more appro-
priate if on-hand inventory accuracy is an issue.

Ideally, companies need to move towards a usage based replenishment system because it
is more accurate than a process based on forecasts. An enterprise example of this is
shown below:

Company Spotlight - Usage-Based Replenishment with Suppliers

The Airbus UK Wing assembly plants at Broughton, North Wales and Filton have
implemented an innovative usage-based replenishment system within their assem-
bly plants, supply base and 3PL partners.

The Airbus US plant and their suppliers were facing the following issues: they had
trouble managing multiple stock numbers for same parts, too much staff was in-
volved in managing c-class parts, and they lacked visibility of suppliers’ inventory
levels.

Specifically, Airbus faced issues with consignment stocking and visibility/control,
while suppliers faced issues with long-term contracts and usage data so that they
can maintain consistent inventory levels without fire drills. In addition, the 3PLs
and distributors in the supply chain faced a high cost of business due to having in-
efficient systems.

To cope with these issues, Airbus implemented a Collaborative Inventory Replen-
ishment Management system to help manufacturers and suppliers gain optimal
profitability from their supply chains and collaboratively increase their overall con-
trol and visibility. The company was able to reduce inventory shortages and overall
inventory handling costs.

“The team’s success has enabled the Filton plant to become the aerospace industry
benchmark with regards to parts supply and stock holding,” reports the operations
manager, for Airbus Filton.

Inventory Visibility

Companies are on a path to take their inventory visibility systems far beyond basic order
and shipment tracking. They are looking to turn these systems into exception-based proc-
ess management platforms that enable staff to manage exceptions rather than micro-
managing steady-state processes. Key elements include escalation policies to help man-
age exceptions, incorporation of resolution advice or workflow (e.g., expedite options
and policies for a late shipment), and performance trending and root cause analysis of
disruptions and lead time fluctuations.

All print and electronic rights are the property of Aberdeen Group © 2006.
16 * AberdeenGroup



The Technology Strategies for Inventory Management Benchmark Report

Enhanced insight into end-to-end inventory positions and mobile assets such as contain-
ers and equipment rank high on companies plans. An emerging enabler for this is RFID
technology. Incorporating RFID data into their inventory visibility solutions is on the
roadmap for many companies. In fact, respondents express concern that very few inven-
tory visibility systems today are set to handle RFID-tagged products, containers, or mo-
bile assets and that global RFID standards are still in flux.

Levi Strauss & Co., for example, uses an on-demand inventory visibility application.
“The tool provided more complete and accurate data regarding finished goods des-
tined for the United States, which has allowed us to better manage incoming prod-
ucts and to proactively address issues by exception,” says the Logistics Process Con-
sultant, Levi Strauss & Co. “As a result, the cost of tracking inbound shipments has
been reduced by 98 percent.”
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Chapter Three:
Implications & Analysis

o Respondents have roughly doubled their adoption of inventory management tactics
since 2003.

e Bestin Class companies apply more technology to inventory management.

o Companies using a visibility or supply chain event management system are three
times as likely to have faster order to delivery times as those companies that had no
plans to adopt such a solution.

(7
>
(1]
=
(1]
(7]
=3
(1]
[
>
D
x

e Companies need to focus on a stepwise, continuous improvement process to avoid
long payback periods from inventory management initiatives.

upply chain inventory tactics such as postponement, risk pooling, and merge in

transit have been around for years, but more organizations are now embracing

these practices across more product types and geographies. Respondents have

roughly doubled their adoption of supply chain inventory tactics since 2003
(Figure 14).

Figure 14: Adoption Rates of Supply Chain Inventory Tactics

Merge in transit 21%
Use in-transit inventory as virtual inventory bin 16% 18%

Supplier responsible for replneshing to a min/max level 12%

Hold highly variable finished goods inventory centrally

0, 0,
at hub versus at each spoke ZE00
Inventory postponement 21%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

@ Used for more than 3 years m Adopted within last 3 years ‘

Source: Aberdeen , September 2006

All print and electronic rights are the property of Aberdeen Group © 2006.
18 « AberdeenGroup



Assessing Your Inventory Management Maturity

The Technology Strategies for Inventory Management Benchmark Report

Companies can use Table 1 to identify their maturity level across four dimensions of in-
ventory management. Areas in which your company is not Best in Class can be targeted
for improvement.

Table 1: Inventory Management Competitive Framework

Process

Laggards

¢ Hold finished goods.

Treat each product
separately.

Send purchase orders
to suppliers.

Companies do product
family level forecast-
ing(not at customer
level)

Companies do network
design sporadically or
not at all

Industry Norm

Some product post-
ponement and compo-
nent risk pooling.

Supplier-managed

min/max replenishment.

Companies do fore-
casting at sku-location
but not at customer
level

Companies do network
design for warehouse
and facilities placement

Best in Class

¢ Postponement, risk pooling, and

supplier-managed inventory
strategies are a fully integrated
process from product design
through delivery.

Companies do customer level
forecasting

Companies do network design for
improving business growth and
supplier network modeling.

Consideration of inventory within
S&OP process.

Organization

Inventory handled by
function and location.

Some cross-functional
collaboration on inven-
tory strategies.

Single owner of end-to-end in-
ventory.

Knowledge

Analysis performed at
an aggregate product
level.

Some analysis by prod-
uct or product family.

Analysis at the item-location level
and consideration of customer
specific service levels.

Technology

Inventory policies set
using general rules
(e.g., hold 8 weeks of
supply for all prod-
ucts).

Inventory visibility at
location level within
MRP/ERP systems

Inventory policies set
by ABCD categories or
by MRP/DRP or APS
system that evaluates
one echelon at a time.

Inventory visibility solu-
tions that are across
locations

Inventory policies set using a
multi-echelon inventory optimiza-
tion system that considers vari-
ability.

Technologies used deployed for
supplier and customer inventory
collaboration

Inventory visibility solutions are
used that are closely tied with
execution systems

Source: Aberdeen

, September 2006

The Critical Role of Technology in Inventory Management

Improving inventory practices calls for a high degree of collaboration and visibility
across the supply chain, as well as more sophisticated optimization. Companies that do
not use technology to enable their supply chain inventory initiatives will not achieve the
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same level of performance. Spreadsheet methods are not sufficient in today’s demanding
environment because they are incapable of evaluating all of the trade-offs.

o Companies using MRP/DRP system (which meet service or cost objectives at one
level of supply chain and are then propagated to the other levels) were two times
more likely to have customer service levels above industry average than those com-
panies that plans on inventory policies using general rules (e.g., hold eight weeks of
supply for all products).

o Companies using a visibility or supply chain event management system were three
times as likely to have faster order to delivery times as those companies that had no
plans to adopt such a solution

Disturbingly, key supply chain inventory technologies are used by just 10% to 35%
of companies today (Figure 15). Future adoption plans, if executed, would raise that to
60% or more of companies.

A large number of companies are using either spreadsheets or homegrown custom appli-
cations for inventory management functions. For instance, 37% of companies report they
are using spreadsheets for inventory management. These fragmented applications are not
capable of effectively modeling and managing inventory across a network of locations.

Figure 15: Top Technologies for Supply Chain Inventory Management

MRP/DRP system | 67%

Supply chain visibility system 27% 53%

Forecasting system that supports customer-level forecasting 27% 52%

Tool that optimizes inventory policies at sku location level 31% 40%

Distributed order management system 32% 33%

B2B collaboration platform 17% 46%

Multi-echelon inventory optimization tool 19% 38%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100
%

‘El Use Today B Planto Use ‘

Source: Aberdeen , September 2006

As shown in Figure 16, best-in-class companies are much more likely than their peers to
already be applying technology to supply chain inventory management. Even when tech-
nology is used, however, most is homegrown and does not deliver the collaboration and
optimization capabilities of current commercially available solutions. For instance, of the
respondents that do multi-echelon optimization today, only a fraction use a tool that takes
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into account multiple elements of variability or time-varying demands and capacities,
which are critical to achieving significant cost savings.

Figure 16: Best in Class Use More Technology to Execute Inventory Strategies

70% ~ 62%
60% - 509 57% 57%
o
50% | 45%
40% ~ 8%
0,
30% - 3% 7% 2% .
20% A 4%
10% ~
0% -
Multi-echelon Forecasting Toolthat  Supplychain  Distributed
inventory system that optimizes visibility order
optimization supports inventory system management
tool customer- policies at system
level sku location
forecasting level
O BIC m Others
Source: Aberdeen , September 2006

Today’s Inventory Management Technology Deployments Are Insuffi-
cient

Companies view their current inventory management functionality as immature as exem-
plified by the results in Table 2. For instance, only 9% of companies say that their current
technology fully meets their network design needs and only 10% say it fully supports
inventory optimization. The spreadsheet-based, homegrown applications, and fragmented
department systems used by many companies for inventory management are root causes
of the general unhappiness with current solutions.

Other companies may have access to functionality via their ERP or supply chain man-
agement vendor but have either not activated their inventory management functionality,
or have been challenged to create workflow and data integration that bridges the multiple
application solutions they have across their organization.

Table 2: The Inadequacies of Companies’ Current Inventory Management
Technology

Inadequate to Adequate for Meets current Meets all our

support current some of our needs but we an-  current and
requirements needs but needs ticipate future future antici-
improvement in requirements that pated needs

other areas it will not meet
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Supply Chain Network Design 37% 40% 14% 9%
Inventory Optimization 31% 40% 19% 10%
Inventory Visibility 18% 39% 26% 16%
Supplier Inventory Collaboration 39% 39% 14% 7%
Customer Inventory Collaboration 42% 38% 12% 7%
Inventory Execution 19% 45% 25% 11%
Source: Aberdeen , September 2006

Technology Spending Plans

More than 54% of large companies plan to spend $100,000 or more in the next 12
months on new inventory management technology. Significantly, 32%of large companies
are planning on spending $500,000 or more (Figure 17). Companies that have not made
investment plans should closely assess their inventory management technology to see
whether enhancements would drive financial or customer service benefit and help the
company remain competitive. Results show that companies are focused on prioritizing
visibility, execution and forecasting systems ahead of inventory optimization.

Figure 17. Inventory Management Technology Spending Plans of Companies

60% -
54%

50%

40% - 38%

32%

30%

20% -
13%

10% ~

0%
$100 K and above $500 K and above

@ Mid-Market O Large

Source: Aberdeen , September 2006

Barriers Companies Face Implementing Technology

Figure 18 shows the top challenges supply chain executives face when they try to imple-
ment inventory management technology. In 2004, a lack of senior management support
across the organization was the top-rated barrier. However that is no longer the issue to-
day. This indicates that companies are having better traction in terms of getting manage-
ment buy-in. Today, the lack of skilled resources within the company while implement-
ing and rolling out inventory management technology is the key issue. Inventory man-
agement solutions require adjusting of critical parameters like demand variability, supply
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variability and numerous other product configuration parameters that can become over-
whelming to end users.

Figure 18. Barriers to Realizing Value From Inventory Management Technologies

Lack of skilled resources within company

Applications are not integrated to ERP, SCM
platforms

Applications are too complicated to implement and
maintain

Applications are too expensive

Users are more comfortable with spreadsheets

Internal corporate policies

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
Source: Aberdeen , September 2006

The top barrier to inventory technology adoption is the lack of skilled resources. Man-
aged services is one approach by which this issue can be resolved. Two-thirds of respon-
dents from a recent managed services related survey are either highly interested or
somewhat interested in having a managed services approach for network design and stra-
tegic inventory optimization.

A leading consumer electronics manufacturer has moved to the managed services model
through their APS vendor to circumvent the challenge of a lack of skilled resources. This
has freed up their line of business people to focus on the core business decisions and leave
the data crunching and software operations to offshore skilled MBA resources.

ROI Timeframe for Companies

A significantly high number of companies (36%) indicate the timeframe for attaining
ROI from their inventory management solutions took more than 2 years (Figure 19).
Companies have traditionally felt that inventory related solutions -- especially related to
visibility and collaboration -- have high ROI timeframes and this is validated by the data.
Companies need to be very aware of the critical success factors that other companies
have seen in terms of achieving fast ROI.
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Figure 19. ROI Timeframe from Inventory Management Projects
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Source: Aberdeen , September 2006
Examples of Rapid RO/

Network Design

A global producer and distributor of cereals, snacks and processed foods was looking to
implement a strategic network design software platform for its global supply chain — and
after doing so, found an ROI within 6 months.

The IT Director for this application says, “We were lucky in that we had extensive data
already available in the ERP systems and in spreadsheets within our production depart-
ment for us to move quickly in building the network model. We also had to adjust the
nature of the model to fit the data that we had — the application was flexible enough to
allow that.”

Inventory Optimization

A large retailer was experiencing high stock-outs at the store and central warehouse level
due to inadequate safety stocks and poor forecast accuracy. Instead of a “big bang” im-
plementation approach that would radically restructure their network, the enterprise
chose to add a bolt-on inventory optimization solution on top of their existing ERP.

The result: the enterprise retained its existing customer service levels and improved in-
ventory calculations, resulting in a significant inventory reduction.
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Chapter Four:
Recommendations for Action

o Stop thinking of inventory as a problem asset and focus on how to leverage it to build
market share and improve customer service levels.

e Laggards should move away from simple rules of thumb based inventory placement
strategies.
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o Industry average companies should appoint a single owner of inventory or move to
cross-functional teams for inventory management.

o Bestin Class companies should use commercially available multi-echelon optimiza-
tion solutions.

Instead of thinking of inventory as a problem asset, companies need to think of how to
intelligently manage inventory levels to maximize customer service levels and reduce
inventory simultaneously. Technology support will be critical to selecting and executing
a successful supply chain inventory program. In particular, companies should seek solu-
tions that let them optimize globally across supply chain tiers, rather than locally, scale
for item-location policies, and enable supplier-managed processes such as min/max re-
plenishment. Change management and metric re-alignment also need to be part of the
program.

Below are recommendations for action based on a company’s current maturity stage.
Whether a company is trying to move its supply chain inventory practices from “Lag-
gard” to “Industry Norm,” to move from “Industry Norm” to “Best in Class,” or to re-
main at “Best in Class” status, the following actions will help improve performance:

Laggard Steps to Success

1. Move away from simple weeks of supply and ABCD inventory policies
Simplistic methods lead to flabby supply chains. Companies facing high cus-
tomer service levels, short product life cycles, or multi-tier manufacturing or dis-
tribution networks have the most to gain from moving toward item-location level
inventory policies. Look to APS or multi-echelon optimization solutions and si-
multaneously look at increasing replenishment planning frequency.

2. Leverage tools that allow visibility of inventory across locations

3. Leverage tools and adopt processes that allow network design to be performed at
least once a year
Start off with doing warehouse and facilities locations because costing data is
more likely to be available for these. One of the common problems faced by
companies is the lack of costing data for performing network design especially
when it comes to global sourcing.

4. Set up some level of cross-functional teams to manage inventory, perhaps as part
of the S&OP process
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5. Look for lower cost, on-demand offerings to ease-into more advanced inventory
management technologies and processes

If the users are accustomed to spreadsheets, there are commercial offerings avail-
able that mimic the spreadsheets but have more advanced workflows/business
logic behind them. These tools should be evaluated as well.

6. If you have a large inventory investment and a multi-tier supply chain, explore
doing low-risk pilot projects with multi-echelon inventory optimization vendors
and work out a value-based strategy with the vendor for moving to larger-scale
rollouts.

Industry Norm Steps to Success

1. Appoint a single end-to-end owner of inventory

Less than a quarter of companies have created a single owner for inventory
across the supply chain. Without this level of accountability, local inventory re-
duction and service level programs will thrive. Locally optimized programs, de-
spite their good intentions, almost always lead to higher working capital costs
and service level challenges. Make sure metrics are changed so that local staff
members are measured on how well they follow the optimal supply chain inven-
tory and service level policies that have been set, while central inventory plan-
ners are compensated on how much they have been able to improve customer
service levels and take out cost from the total supply chain.

2. Leverage tools and processes that allow network design to be done at least once
a year and moving beyond warehouse designing to looking at international
sourcing. Get quotes from suppliers for freight lane information for global sourc-
ing for costing data.

3. Start doing customer level forecasting for the key customers
Evolve your current forecasting systems to enable customer-level forecasts. This
may involve extensive process changes in some cases and in other cases this may
be more of an incremental shift.

4. Leverage existing investments in APS systems to make sure that inventory man-
agement capabilities are being utilized within the solution. In a lot of cases, in-
ventory management is still being done as a general rule-based system in spite of
more functional capabilities available in the tool. In addition, look towards bolt-
on multi-echelon solutions for pilots and build confidence with the planners be-
fore rolling out the solution to other business units or product lines.

5. Move toward supplier inventory collaboration
Look to do supplier inventory collaboration, including sharing more data with
key suppliers, such as inventory and forecast data, which will help make ship-
ments move more quickly and easily and improve performance.
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Best in Class Next Steps

1. Actively manage in-transit inventory through supply chain visibility
Enterprises with long transit times should investigate the different ways to use
in-transit inventory as a virtual inventory bin to lower safety stock levels, reduce
total delivered costs, and maximize revenue opportunities.

2. Look to do network design for strategic decision making
These companies should aggressively work towards integrating their network de-
sign process with downstream processes, increase the frequency of these proc-
esses to twice per year, and use it for assessing business growth opportunities,
supplier network design etc.

3. Use a commercial multi-echelon optimization solution
The new generation of commercially available multi-echelon optimization solu-
tions at last enables companies to properly account for variation in the supply
chain. Companies with multi-echelon manufacturing or finished goods distribu-
tion networks should not delay in investigating these solutions.

4. Leverage investments in existing demand management tools and evolve towards

customer-level forecasting

Best in Class companies usually have spent a lot of time in implementing tech-
nology solutions as well as processes for demand management. These companies
can get significant additional value through customer segmentation for customer
specific service levels and also deciding on product postponement strategies
based on product types.

5. Expand your program of supplier inventory collaboration
Look to expand the scope of supplier inventory collaboration to all of your pri-
mary suppliers, regardless of technology sophistication. Supplier portal technol-
ogy can be instrumental in achieving this.
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Appendix A:
Demographics

management technology usages, planned investments and experiences of more
than 160 enterprises in several industries like consumer goods, consumer elec-
tronics, automotive, industrial equipment etc.

B etween August and September 2006, Aberdeen Group examined the inventory

Responding supply chain, logistics, sales and marketing, finance, procurement and opera-
tions executives completed an online survey that included questions designed to deter-
mine the following:

e The degree to which inventory management impacts corporate strategies, opera-
tions, and financial results

e The structure and effectiveness of existing inventory management technology
procedures

e Current and planned use of technologies to aid these activities

e The benefits, if any, that have been derived from inventory management initia-
tives

Aberdeen supplemented this online survey effort with telephone interviews with select
survey respondents, gathering additional information on inventory management strate-
gies, experiences, and results.

Responding enterprises included the following:

o Job title/function: The research sample included respondents with the following job
titles: senior management (CEO, CFO, COO) — 4%, CIO/IT Leader — 4%, (Senior)
vice president — 6%, director (23%), manager (43%), staff (8%), internal consultant
(6%).

o Industry: The research sample included respondents from both distribution intensive
as well from manufacturing-intensive industries. Consumer goods industries com-
prised 24% of the respondents, retail/distribution industries comprised 16%, automo-
tive, industrial, aerospace and defense comprised 19%, high-tech electronics com-
prised 11% and process industries like chemicals, metals, gas, oil etc comprised 17%.

e Geography: 74% of study respondents are from North America. Remaining respon-
dents hail from Europe (9%), Asia/Pacific (9%) regions.

e Company size: About 37% of respondents were from large enterprises (annual reve-
nues above US$1 billion); 43% were from midsize enterprises (annual revenues be-
tween $50 million and $1 billion); and 20% of respondents were from small busi-
nesses (annual revenues of $50 million or less).
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Appendix B:
Related Aberdeen Research & Tools

Related Aberdeen research that forms a companion or reference to this report include:

Technology Strategies for Integrated Business Planning, July 2006

Are your Inventory Management Practices Outdated?, March 2005

Supply Chain Inventory Strategies Benchmark Report; December 2004

The China Trade Management Strategies Benchmark Report; September 2004
The Outsourced Manufacturing Strategies Benchmark Report (September 2004)
The Lean Strategies Benchmark Report (June 2004)

The Quiet Revolution in Supplier Management (June 2004)

Supplier Performance Management: What Leaders Do Differently (June 2004)

Information on these and any other Aberdeen publications can be found at
www.Aberdeen.com.

All print and electronic rights are the property of Aberdeen Group © 2006.
Aberdeen Group * 29


http://www.aberdeen.com/

The Technology Strategies for Inventory Management Benchmark Report

Aberdeen Group, Inc. Founded in 1988, Aberdeen Group is the technology-

260 Franklin Street driven research destination of choice for the global

Boston, Massachusetts business executive. Aberdeen Group has over 100,000

02110-3112 research members in over 36 countries around the world

US4 that both participate in and direct the most comprehen-
sive technology-driven value chain research in the

Telephone: 617 723 7890 market. Through its continued fact-based research,

Fax: 617 723 7897 benchmarking, and actionable analysis, Aberdeen Group

www.aberdeen.com offers global business and technology executives a
unique mix of actionable research, KPIs, tools,

© 2006 Aberdeen Group, Inc. and services.

All rights reserved
September, 2006
The information contained in this publication has been obtained from sources Aberdeen believes to be reliable, but

is not guaranteed by Aberdeen. Aberdeen publications reflect the analyst’s judgment at the time and are subject to
change without notice.

The trademarks and registered trademarks of the corporations mentioned in this publication are the property of their
respective holders.



	Executive Summary
	Management Actively Re-evaluating Inventory Management Pract
	Inventory Management Goals Should be Re-evaluated: From Cost
	Characteristics of Best in Class Companies
	Recommendations for Action

	Figures
	Figure 1. Companies Are Actively Re-evaluating Inventory Man
	Figure 2. Top Pressures for Improving Inventory Processes
	Figure 3. Primary Goal for Improving Inventory Management
	Figure 4: Best in Class Companies Achieve Better Results
	Figure 5. Inventory Policy Approaches
	Figure 6. Inventory Organizational Strategy
	Figure 7. How Inventory Organizational Strategy Impacts Cust
	Figure 8: Top Strategic Actions for Improving Inventory Mana
	Figure 9. Components of an Inventory Management Technology S
	Figure 10. Frequency of Network Design
	Figure 11. Goals for Doing Network Design
	Figure 12. Inventory Policy by Size of Company
	Figure 13. Value Gained Through Collaboration Initiatives
	Figure 14: Adoption Rates of Supply Chain Inventory Tactics
	Figure 15: Top Technologies for Supply Chain Inventory Manag
	Figure 16: Best in Class Use More Technology to Execute Inve
	Figure 17. Inventory Management Technology Spending Plans of
	Figure 18. Barriers to Realizing Value From Inventory Manage
	Figure 19. ROI Timeframe from Inventory Management Projects
	Inventory Management Organization Strategy

	Tables
	Table 1: Inventory Management Competitive Framework
	Table 2: The Inadequacies of Companies’ Current Inventory Ma

	Table of Contents
	Chapter One: Issue at Hand
	Inventory Management Goals Should be Re-evaluated: From Cost
	Enterprise Accomplishments

	Chapter Two: Key Findings
	Characteristics of Best in Class Companies
	Inventory Optimization
	Strategic Actions to Improve Inventory Management
	Technology Components of Inventory Management
	Network Design
	Frequency of Network Design Evaluation
	What Are Companies Doing Within Network Design?

	Inventory Collaboration
	Inventory Execution
	Customer Level Forecasting
	Company Spotlight - Usage-Based Replenishment with Suppliers
	Inventory Visibility

	The Critical Role of Technology in Inventory Management
	Chapter Three: Analysis
	Today’s Inventory Management Technology Deployments Are Insu
	Technology Spending Plans
	Barriers Companies Face Implementing Technology
	ROI Timeframe for Companies
	Examples of Rapid ROI


	Chapter Four: Recommendations
	Laggard Steps to Success
	Industry Norm Steps to Success
	Best in Class Next Steps

	Appendix A: Demographics
	Appendix B: Related Research


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




