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Chapter 1

Introduction
What customers want and need isn’t always obvious — even to them
P. Barabba[1]

— Vincent

Design chain management is becoming recognized as a core competitive strategy.
As organizations continuously seek to provide their products to customers faster,
cheaper, and better than the competition, managers have come to realize that they
cannot do it alone; rather, they must work on a collaborative basis with the organizations in their enterprise in order to succeed. Because design chain management
involves all functions within a product development organization, this report has
been written for the general audience and provides insights into the conceptual
foundations of design chain management (DCM). It also presents a topical discussion of what a design chain is, why it is important, and what types of challenges
are implicit in managing design chains. In summary, this text will enable readers to
better understand:
• The impact of DCM on the success and profitability of the modern product
development organization.
• The influence of DCM on major functional activities, including product concept, product design, information systems, quality management, and many
other areas.
• The major challenges faced in implementing a design chain management strategy, as well as approaches for meeting these challenges.

1.1 Introduction to Design Chain Management
Contemporary product development is a fairly linear process, see figure 1.1. On one
side are the suppliers that provide parts needed by their customers, as well as data
sheets about those parts. This information is typically contained in data sheets or
data books that are updated by the supplier in more or less regular intervals. On the
5
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other side are the product development organizations that utilize the parts offered
by a supplier to create larger systems. To facilitate the engineering process, product
development engineers use the data sheet information provided by the supplier to
make design decisions for the system to be delivered.

Figure 1.1: Contemporary product development

One of the ramifications of the one-directional transfer is that it has limited the
supplier and customer to implement time-to-market (TTM) improvements within
their organizations only. Independently, supplier and customer have improved their
processes for turning out products faster and better. The strategies employed by
either product development organization appear similar. Where existing processes
were carried out in sequence, concurrent engineering approaches have reduced product development times. Figure 1.2 shows how individual process steps can be overlapped to reduce the overall product development time.

Figure 1.2: Product development process flow

Typically, this involves integrating multiple CAD systems and tools. These systems are themselves frameworks that were developed with no anticipation of subsequent integration.

1.1. INTRODUCTION TO DESIGN CHAIN MANAGEMENT

Figure 1.3: An example of a design team
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To illustrate some of the issues, consider the team depicted in figure 1.3. At
any instant, team members may be working at different levels of detail, each employing his or her own representations of physical artifacts, engineering models, and
knowledge.
For example, the Layout Engineer is primarily concerned with the geometry of a
device and its configuration space, while the Conceptual Engineer in constructing an
entire product that fits into the cost budget and fulfills the desired functionality and
behavior of the final product. At the same time the Electrical Engineer needs model
information about the parts that make up the system. Despite their differences in
perspective, the specialists share considerable information.
Traditionally, in applying information technologies to support product development processes, tools are implemented that will help the team members to share
knowledge and keep track of each others’ needs, constraints, decisions, and assumptions. Nonetheless, projects that involve large segments of an enterprise or multiple
enterprises will collaborate on engineering activities that take place within an individual framework to achieve the process improvements and time reductions. The
drawback of these approaches for product development organizations is that they
focus on improving the internal product development only. Involvement of suppliers
or customers is not part of this integration.
Interestingly, contemporary computer aided design and engineering design tools
appear to exacerbate the problems that concurrent engineering approaches are trying
to solve. Most tools provide point solutions, to particular modeling and analysis
problems, based on idiosyncratic representations and algorithms. Designers are
frequently frustrated because these tools are developed by and for expert users with
little attention given to the simplification of the design chain. Effective use requires
knowledge of the conventions, the decisions, and other characteristics or limitations
of the approach.
The design chain is rarely obvious from the CAD tools and must be absorbed by
wading through extensive documentation and consulting with the tools’ developers
and frequent users. Worse still, idiosyncratic design tools contribute to the isolation
of designers by preventing them from sharing their design models. For example,
from the electronic component development and system design chain: “...deeper
collaboration with downstream design chain partners is needed more than ever as design complexity increases and performance requirements become more challenging.
These facets of the modern design process point to a new topology of the design
chain, from the semiconductor component manufacturers to the Original Equipment
Manufacturers (OEMs), which must be capable of delivering the volume-ramped
product into the market rapidly before the competition.”[2] As a result of these
realities, design organizations now find it is time to look beyond just time managing their own internal development processes. From this realization emerged the
concept of a “design chain”.

1.2. INFORMATION SYSTEMS AND THE DESIGN CHAIN
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• The design chain encompasses all the activities associated with the flow and
transformation of information from the supplier through to the customer (typically the end user), as well as the associated information flows.
• Design chain management is the integration of these activities through design
chain relationships, to achieve a sustainable competitive advantage.

Figure 1.4: Product development in the Design Chain

1.2 Information Systems and the Design Chain
With the emergence of low-cost desktop-computer systems, hand held devices, highspeed networks, and the Internet, the cost and availability of information resources
allows easy linkages and eliminates information-related time delays in any design
chain. This means that organizations are moving toward a concept known as Electronic Commerce, where transactions are completed via a variety of electronic media,
including electronic data interchange (EDI), CD-ROM catalogs, business-to-business
(B2B) transactions, and a variety of others. This means that the old “paper” type
transactions are becoming increasingly obsolete. All information is recorded electronically, and associated transactions are performed with a minimum amount of
human intervention.
The proliferation of new telecommunications and computer technology has also
made real-time, on-line communications throughout the entire design chain a reality. New systems that link suppliers, manufacturers, distributors, and ultimately
customers (regardless of their location) are emerging. These technologies are “enablers”, in that they can substantially reduce paperwork, improve communication,
and reduce lead time if properly implemented.

10
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Developing this type of information system should not be visualized only as a set
of repetitive transactions between entities such as suppliers, distributors, and customers; rather an ideal system should span all functions and organizations throughout the entire design chain. With the explosion of the internet and the WWW, and
company “intranets”, future systems will possess the following set of characteristics:
• Centralized coordination of information flows in an associated (federated) set
of organizations
• Information logistics management — integrating all engineering aspects of
the product development
• Engineering change order processes that trigger a cascading series of modifications to development schedules, project plans, and engineering operations
• Global visibility into the product development design chain
• Global information management
• Component standardization across business units
• Inter-company information access — clarity of producing and exchanging information residing in organization both upstream and downstream throughout
the product development design chain
• Data interchange — between affiliates and non-affiliates through standard
telecommunications channels
• Data capture and acquisition (live design data) — ability to acquire data about
an item (component or part) at the point of origin, and to track characteristic
changes
• Transformation of business values such that the “big picture” becomes apparent and can be managed
• Improvement of supplier and design customer relationships

1.3 Content management across design chains
A second major trend facing organizations today is the demand for ever-greater levels
of responsiveness and shorter defined cycle times for higher quality information.
A variety of changes occurring throughout global markets have resulted in an increasingly competitive environment. The rate of change in markets, products, technology, and competitors occurs at an increasingly rapid pace, leading to a condition
in which managers must make decisions on shorter notice, with less information,
and with higher penalty costs. At the same time customers are demanding quicker
delivery responsiveness. These same customers require information that incorporate
state-of-the-art technology and features. Availability of information and content is

1.3. CONTENT MANAGEMENT ACROSS DESIGN CHAINS
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fragmented, and customers are demanding options that are tailored to their unique
requirements.

Managers throughout the product development design chain are feeling the full
effect of these changes. Outsourcing and cutbacks in staffing are forcing managers to handle a greater number of product features with fewer people, while cost
pressures require that they do so with less iterations.

Because of the ever-increasing levels of competition found in many markets, product development design chain related mistakes are leading to lost revenues. Furthermore, both customers and suppliers are becoming increasingly aware that measuring
performance along the inter- organizational design chain is a key factor to detect
shortcomings in product development.

All product development organizations are managed with particular attention to
time. A reduction in the time it takes to develop a product is directly linked to profits. Clearly, reductions in development time have enabled competitors in the same
industries to grow faster, earn higher profits and increase market share through the
early introduction of new products. Resource allocation plays a pivotal role in this
scheme. In product development organizations with relatively little communication
across boundaries, resource allocation is a more or less static process, because resources rarely shift between projects. This leads to a point at which the quality
of results of the product development organizations is directly linked to time. Further pressures on time at this point of equilibrium will have a direct impact on the
resulting product quality.

In contrast, product development groups that take advantage of knowledge (information) generated from all areas of inter-organizational communication, are significantly more productive than their rivals. The best resource-allocation processes
not only encourage the flow of information across inter-organizational product development, they also reflect the awareness that choosing the right set of projects (or
parts) is more than a financial decision. If projects are connected, the availability
of accurate information and the means of communication becomes a crucial factor
in making product decisions. Other benefits for companies that achieve these qualities are that the reductions in development lead time translate into less rework and
higher quality, and less overhead throughout each step in the design chain.

Each step in the design chain has a direct impact on the organization’s bottom
line. For inter- organizational product development, these benefits are jointly shared
by all parties within a given design chain.

12

CHAPTER 1. INTRODUCTION

1.4 Relationships in the design chain
The prior two components (Information Systems and Content Management) are
both relatively well understood. Information technologies along the design chain are
constantly improving. In addition, new technologies to link the enterprise systems
across the design chain are now available. These include but are not limited to the
internet at large, WWW, virtual private networks (VPN) and so forth, as well as a
plethora of security and security management software. Content management and
content exchange strategies are also relatively well understood. We have successfully
implemented many cycle-time reduced processes in many different organizations
and continue to evolve. However, without a foundation of effective design chain
organizational relationships, any efforts to manage the flow of information or product
engineering information across the design chain are unlikely to be successful.
Of the three primary activities associated with DCM, relationship management
is perhaps the most fragile and tenuous, and is therefore, the most susceptible to
breakdown. These failures can happen for a multitude of reasons — technically,
links can be repaired with relative ease, however, process issues are much harder to
solve. To avoid such problems organizations must develop a better understanding
of their product development processes as well as their suppliers content delivery, in
order to serve the product development organizations in the design chain. To ensure
that this occurs, communication links between suppliers and product development
groups must be established and utilized on a regular basis. In short, design chain
relationships are probably one of the most important management interfaces within
the entire design chain.
A key element of improved supplier relationships is the presence of an objective
performance measurement system, which is used to ensure that both parties are
operating according to expectations and are meeting stated objectives. In addition,
parties must emphasize clear objectives, expectations, and potential sources of conflict up front in order to facilitate communication and joint problem solving. As a
result of this communication, trust between product development organizations and
suppliers begins to grow, leading to further improvements.

1.5 Challenges facing design chain managers
Integrating design chains in product development organizations holds a great appeal
to suppliers and developers alike as the difficulty involved implementing this strategy
is evident. Integrating the management of information across the design chain offers
the benefits of increasing the value added by the design chain members, reducing
rework, and reducing cost. However, deploying and managing this strategy is a
challenging and significant task.
The process of implementing a design chain involves great attention to the information systems, to make sure that the information is available to the people who

1.6. EVOLUTION OF BUSINESS TECHNOLOGIES
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need it, when they need it. In other cases, the information is available, but design
chain members are reluctant to share it due to a lack of trust and a fear that the
information will be revealed to competitors.
Content management is no less difficult. Although content management systems
are continuously improving, the need for late updates will never disappear entirely.
There are always delays in updates and changes in part information for a variety
of reasons. Slowdowns resulting from breakage in the telecommunications systems,
poor communications, and, of course simple human error, are inevitable. With
the double-edged sword of more accurate information and increasing demand for
improvements in information content and just-in-time delivery, the management of
content throughout the design chain becomes an increasingly complex and demanding task. Finally, establishing trust between parties in a design chain is perhaps the
greatest challenge. Legal experts may produce reams of contractual agreements that
fail to work when parties inevitably have a conflict. Therefore, conflict management
in inter-organizational relationships is becoming increasingly more important.
Committing a product development organization to design chain requires careful
study of all suppliers that “feed” into this chain. Any content issues addressed by
the manufacturer need to be compatible with the product development environment
on the customer’s side.

1.6 Evolution of Business Technologies
The past decade has seen a rapid decline in the significance of mainframe-based
processing in many organizations and a simultaneous increase in importance of client
server and LAN-WAN- based computing infrastructures. Although no one expects
all mainframe systems to disappear in the near term, the centralized systems model
for operations and, therefore protection, has fallen from favor at present. This
means the suppliers and customers must now find ways to effectively protect the
critical informational content of hundreds or thousands of servers and perhaps tens
of thousands of end-user workstations/personal computers. Any of these systems
may in fact provide a point of access to critical information stored locally or accessed
through networks.
The evolution and implementation of the “networked computing paradigm” has
been accompanied by the distributed systems and rise of client server-based applications. SUN Microsystems has popularized the slogan “The network IS the
computer”. If this is true, then information systems have a responsibility to help
the organization determine where and what gets protected, and most importantly,
by whom.
The increasing prevalence of client server applications further challenges and blurs
classical accountability. Typical life-cycle-based development checkpoints for infor-
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mation systems auditors and security staff are often overlooked by the information
system groups in their rush to meet required delivery dates to support business
unit priorities. The absence of rigorous systems development standards are often
compounded by a lack of robust tools for ensuring that baseline security measures
are implemented. Audit trails and change controls are often limited or lacking and
easily bypassed at the server’s operating system level, and access controls are often
limited to little more than fixed passwords. Data warehouses and high-value data
bases are often married to internal Web servers in the push to deploy a corporate
“intranet” to facilitate easy access to information by authorized users. However,
little or no effort is invested to prevent or detect unauthorized access to sensitive
information by the users who may operate worldwide.
Access to corporate information has been dramatically increased via the rapid
deployment of microcomputers, LANs, WANs, and soon by the next generation
of “personal digital assistants”. Most medium and large organizations are rapidly
moving to an information systems distribution environment where critical information pulses through the global network on a 24-hour basis and is accessible by
a wide array of devices which may be linked through the Internet or via remote
dial- up connections or may employ wireless cellular technologies. The combination
of these advanced devices promises to provide access to information unlimited by
time, location, or distance. Structuring a program for identifying and safeguarding
essential information against the wide array of threats at this level of complexity is
substantially more difficult than protecting information safely inside a fixed location.
Globalization of operations further compounds the information protection challenge. As business organizations face increased competition from both domestic
and foreign rivals the organization often responds by increasing foreign operations
itself. Many medium-size organizations now have a presence in many nations —
something that in the past was the privilege of the large and sophisticated multinational organizations. Lacking a deep bench of international business experience
to draw from, managers of such organizations may make poor decisions which will
increase risks to systems and information.
“Business: Anywhere, Anytime, Anyway” seems to be the implicit mission of
many organizations. The most important fact to emphasize in considering the
new risks arising from global operations and associated global networks information
systems infrastructure is that the organization truly is “only as strong as the weakest
link” whether that is an unlocked file cabinet in Dallas, TX, an unsecured desktop
workstation logged on to a corporate system in Munich, or a laptop computer
forgotten at an airport.
Design chain managers now must deal with unique cultural aspects of many other
nations. This can complicate the already daunting task of fashioning a corporate
protection program, as missteps can diminish or destroy fragile support for the

1.6. EVOLUTION OF BUSINESS TECHNOLOGIES
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corporate “head office” program by the local management and staff. Typical areas
that can lead to breakdowns include:
• Motives — For each operational region it’s important to understand what
causes people to commit unauthorized, possibly illegal activities, as well as
what motivates them to comply with management-directed protection methods.
• Misunderstandings — It’s very easy for both language and cultural nuances
to adversely impact the effectiveness of the protection measures.
• Management Consistency — It is essential to ensure that a minimum baseline
of protection is applied worldwide, but this is very difficult to achieve. Given
a wide range of management styles, it is difficult to ensure minimum baseline
measures are applied, which complicates efforts to ensure that none of the
remote or foreign office locations becomes the weakest link. Every major
continent contains a wide array of cultural management styles which impact
willingness to deal with forms, procedures, and incidents.

16
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Chapter 2

Information Systems
As discussed in the previous chapter, DCM is concerned with the flow of information
between the product development organizations. At each end, it encompasses all
of those organizations that link together to acquire, exchange, convert, and design
products. This includes suppliers creating bits of valuable information deep inside
the enterprise, through to the end-user using a CAD system in need of this information. These flows are bidirectional. This chapter addresses the information required
for effective DCM and introduces a number of technologies the organizations are
using to make information readily available across the design chain (see Figure 2.1)

Figure 2.1: Design Chain Model

Recent technological developments have brought design information to the forefront which forward-thinking firms can use to cultivate genuine competitive advantage. These technologies provide the means for multiple product development
organizations to coordinate their activities in an effort to truly manage the design
chains. As the rate of these technological advances increases, the cost associated
with this information decreases. Simultaneously, the speed with which this vital
17
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information can be made useful and applicable in a variety of product development
situations continues to increase.
Industry observations made in the mid-80’s are still very much valid, and have only
increased in urgency: “... managers need to understand that information technology is more that just computers. Today, information technology must be conceived
of broadly to encompass the information that businesses create and use as well as
a wide spectrum of increasingly convergent and linked technologies that process
the information. In addition to computers, then, data recognition equipment, communication technologies, factory automation, and other hardware and services are
included”[3]. Utilizing this paradigm, the role of information systems in the design
chain is very obvious.

2.1 Information in the design chain environment
To date, a significant portion of the information flows between functional areas
within an organization and between product development organizations is still paperbased. In many (most) instances, these paper-based transactions and communications are slow, unreliable and error prone.
Conducting business in this manner is costly because it decreases the product
development organizations effectiveness in being able to design, develop, debug,
prototype and so forth. This approach also impedes efforts to develop and capitalize
on successful inter-organizational ventures. On a general scale, the importance of
information is understood, however, the ability to share and utilize information is
difficult.
Information systems today may be quite complex and comprehensive, supporting a
company’s communication networks, databases, and operating systems. In fact, “IT
infrastructure capabilities underpin the competitive positioning of business initiatives
such as cycle-time reduction, implementing redesigned cross-functional processes,
utilizing cross-selling opportunities and capturing the channel to the customer.”[4].
These infrastructures also support the product development, management, and
maintenance of inter-organizational design chains.
The information systems and technologies utilized in these systems represent one
of the fundamental elements that “link” the organizations of a design chain into
a unified and coordinated system. In the current competitive climate, little doubt
remains about the importance of information and information technology to the
ultimate success of any restructuring in the product development organizations.
Timely and accurate information is more critical now than it has ever been before.
Several factors have a major impact on information and content at large:

2.1. INFORMATION IN THE DESIGN CHAIN ENVIRONMENT
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• Information is a crucial factor in the managers’ abilities to reduce product
development time and human resource requirements to a competitive level.
• Information flows play an essential role in the strategic planning for deployment of resources.
• Serving the customer in the best, most efficient, and effective manner has
become critical, and information about issues such as component part status,
product availability, and so forth has become a necessary part of the total
customer service experience.
A key notion in the essential nature of information systems, as they pertain
to product development and maintenance of successful design chains, is the need
for virtually seamless bonds within and between organizations. This means creating
intra-organizational processes and links to facilitate delivery of seamless information
between marketing, development, manufacturing, as well as inter- organizationally,
to customers, suppliers, carriers, and distributors across the design chain. Results
from this change in perspective require aligning corporate strategies to the information technology paradigm, providing incentives for functions to achieve common
goals through the sharing of information, and implementing the technologies to
re-design the traditional information transactions to intelligent and directly usable
content.

Figure 2.2: Component and information sequencing and synchronization

Suppliers rushing to market often focus on the user or perceptual aspects of
their information systems, such as their appearance, content, and product organization. However, the “back-office” subsystems of the information systems — those
that provide the link between user experience and the actual physical delivery of
component parts to the consumer — continue to be a challenge. Figure 6 shows an
example of how component parts and component part documentation relate. Both
domains follow more or less well defined life cycles. The life cycles are related, but
not initially synchronized.
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Figure 2.3: Product development life cycle[5]

2.2. INTER-ORGANIZATIONAL INFORMATION SYSTEMS
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As components are developed and improved, they follow the product life cycle
model as shown in Figure 2.3. The initial two phases are the most critical for
succeeding with the development of a new product.
A series of coordinated steps is required to bridge the gap between a product
development engineer browsing an e-commerce site and actually receiving (directly) usable information.
Sharing semantics is one of the fundamental problems a design chain solution has
to solve for the data communicated. An XML-based (eXtensible Markup Language)
approach to content aggregation lends itself well to the expansion into design chain
management exchanges. The main challenge in using XML is not with the document
structure and syntax, but with the semantics. It’s much easier to share syntax
than to share semantics. Each application domain needs to have both specific
document structure and agreed upon semantics to make effective use of XMLdefined documents. Various vertical industry segments have to agree on the meaning
of their domain- specific XML tags. Only then can appropriate action be taken
upon parsing: translating components into internal business objects for use within
the enterprise.
Fortunately, several standards are emerging, using XML to describe the types
of business documents that need to be exchanged so that trading partners can
exchange information and services.

2.2 Inter-organizational Information Systems
The development of an inter-organizational information system for the design chain
has several distinct advantages:
• cost reduction
• productivity improvements
• product/market strategy[6]
Basic levels of participation for product development organization’s members
within an inter- organizational system have been identified:
1. Remote I/O node, in which the member participants from a remote location
within the application system supported by one or more higher-level participants;
2. Application processing node, in which the member develops and shares a
single application such as an component-query or order processing system;
3. Multi-participant exchange node, in which the member develops and shares
a network interlinking itself and any number of lower level participants with
whom it has an established business relationship;
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4. Network control node, in which the member develops and shares a network
with diverse applications that may be used by many different types of lowerlevel participants; and finally
5. Integrating network node, in which the member literally becomes a datacommunications/ data processing utility that integrates any number of lowerlevel participants and applications in real time[6].

A sixth level of participation also appears within the context of the design chain
as a design chain network node, in which the participant shares the network of
diverse applications with any number of participants with whom it has established a
business relationship. This is similar to the network control node mentioned before,
but it does not restrict the inter-organizational information system participant to
a specific level. Therefore, inter-organizational information system participants can
be higher, lower, or equal level than their partners.
As product development organizations implement inter-organizational information
systems, they will be faced with several challenges.
• One impediment undoubtedly lies in developing a common language in terms
of planning, format, and priority across several vastly different constituencies.
• Information-sharing requirements are well beyond those of a manufacturer and
its distributor’s need to facilitate product development in a consistent way.
• All relevant information ultimately must circulate to and among all organizations between the design chain’s point of view and its point of consumption,
such as search and select, or CAD model creation.

2.3 Design Chain Requirements
2.3.1 Intelligent content
The key to building an effective design chain solution lies in assembling the right
mix of content, dialog, services, and transaction processing that reflect the target
industry’s business practices. “Companies must leverage Internet and existing IT
investments to inter-network the enterprise beyond the corporate fire-wall. By extending the intranet to the customers, suppliers, channel partners, distributors, and
remote workers, new types of firms can create a secure, robust, high- function, and
reliable base for a new era of e-business, and an e-world.”[7]
First and foremost, it is essential that individuals with extensive domain experience
should play a central role in specifying the service mix for a given industry segment.
Many of the early attempts emerged from existing businesses whose executives had
a predisposition to move into building virtual communities online.
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Regardless of the technology-based approach, all are attempts by businesses to
manage activities across company boundaries in a coordinated, integrated fashion.
Although the importance of information, and the supporting technology, to design
chain management is evident, determining which specific system and application can
provide a specific design chain with the greatest benefit is not at all clear. “How to
best extract value from information technology resources is a major challenge facing
both business and IT managers, particularly as they turn their focus to searching for
competitive benefits of strategic information systems and striving for benefits beyond process re-engineering.”4. This search becomes increasingly complex for those
organizations attempting to operate in design chains with multiple participants.

Figure 2.4: Intelligent content in the electronic design chain

2.3.2 Directly usable content
Intelligent content is the first step in building a DCM solution. Directly usable
information content or re-usable content is the next step to using the intelligent
information in a fashion that assists the product development process. Figure 2.4
gives an overview of different aspects of intelligent content required for a electronic
system design. Each of the columns connects to a process or processes in the
product development environment. For example, schematic symbol data is used
in the CAD design process to refer to the logical outline of a particular electronic
component. Symbol data that can be used directly in a CAD system closes a
well-known problem in the design of electronic systems.
Figure 2.5 shows a design chain setup between a supplier and customer for the
exchange of component connection information. The supplier provides intelligent
information about his components in the form of component connection information.
The customer on the other side will use this information and pass it through a set of
transformations that allow the creation of CAD models. These models are directly
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Figure 2.5: Component connection flow

usable in the particular CAD system.
Directly usable content satisfies the customer’s need to create and manage incoming CAD information in a safe and reliable manner while at the same time
increasing performance for this task tremendously. On the other side, the supplier
provides the information in a CAD agnostic way, and therefore avoids the pitfalls of
managing highly tool specific information.

2.3.3 Re-purposable content
As product development organizations grow and change to meet new market challenges, the content associated with a design chain may become “stale” in a particular application. Finding new purpose for existing data sets and associating them
in particular ways is one of the central aspects of an efficient design chain solution.
Figure 2.6 depicts how this is accomplished:
1. Accessing the relevant content from the existing data sets and documentation.
This can be accomplished by applying data mining technologies to extract
content and create exchangeable and reusable information.
2. Applying supplemental information to enhance the content, thereby giving it
a new purpose. In some cases, simply extracting the relevant content will
enable new purposes for existing information.

2.3.4 Collaboration
Numerous services facilitate collaboration in the design chain between suppliers
and their customers in product development organizations on day-to-day activities.
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Figure 2.6: Re-purposing content

These services can be categorized as those for collocation, coordination, information
sharing, corporate history management, and integration.
Collocation — Lack of communication among geographically dispersed team members is a major obstacle to cooperative work. Effective communication between team members can be facilitated by enabling them to share applications. Multimedia desktop referencing, like WebEx or Netmeeting, using text,
graphics, audio, and video is also needed.
Coordination — Good coordination is critical for effective functioning of multidisciplinary product development teams. These teams must influence each other
so that a high-quality product is produced within a short turnaround. These
services provide on-line support for group decision making and negotiating
solutions over a geographically dispersed network. In particular, common visibility of activities and data, planning and scheduling of activities, notifying
team members of changes and managing constraints across multiple perspectives are some of the needs to be addressed by this service.
Information sharing — Information generated by an enterprise is likely stored in
heterogeneous data formats and in various legacy databases scattered across
the organization. Information sharing involves developing common data representations and providing transparent access to information in a distributed
heterogeneous system. Problems arising from the management of replicated
data, version and concurrency control, and change management in distributed
databases must be addressed.
Corporate history management — In a design chain environment, it is desirable
to electronically capture the design intent and evolution of a product from
conceptual design to retirement. Corporate history is useful for designing
future products and documenting existing ones. Indexing, linking and storing
various types of documents (design, manufacturing, specifications, etc.), as
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well as archiving decisions reached in meetings among designers are some of
the problems that need to be addressed.

Integration — This service is the glue that holds all other services together. It also
facilitates access to engineering tools and services in a transparent manner
across the enterprise. To achieve this end, integration services comprise a
number of capabilities. They provide mechanisms to describe what services are
available to users and in what form. They also provide mechanisms to exploit
the communication infrastructure. Finally, these services provide “wrapper
generator” tools that encapsulate existing tools and services for use over a
network.

2.3.5 Information security
Managing computer and network security programs has become an increasingly difficult and challenging job. Dramatic advances in computing and communications
technology during the past years have redirected the focus of data processing from
the computing center to the terminals in individual offices and homes. The result
is that managers must now monitor security on a more widely dispersed level. For
example as shown in Figure 2.7: some (preferred) customers may be allowed access
to confidential information, while others can only access the publicly available information. These changes are continuing to accelerate, making the security manager’s
job increasingly difficult
The information security manager must establish and maintain a security program that ensures three requirements: the confidentiality, integrity, and availability
of the company’s information resources. Some security experts argue that two
other requirements may be added to these three: utility and authenticity (i.e.,
accuracy)[8]. In this discussion, however, the usefulness and authenticity of information are addressed within the context of the three basic requirements of security
management.

2.3.6 Information classification
Classifying corporate information based on business risk, data value, or other criteria
(as discussed later in this section), makes good business sense. Not all information
has the same value or use, or is subject to the same risks. Therefore, protection
mechanisms, recovery processes, etc. are — or should be — different, with differing
costs associated with them. Data classification is intended to lower the cost of
protecting data, and improve the overall quality of corporate decision-making by
helping ensure a higher quality of data upon which the decision makers depend.
The benefits of an enterprise-wide data classification program are realized at the
corporate level, not the individual application or even departmental level. Some of
the benefits to the organization are:
• Data confidentiality, integrity, and availability are improved because appropriate controls are used for all data across the enterprise.
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Figure 2.7: Types of data sheets that are communicated with a customer

• The organization gets the most for its information protection dollar because
protection mechanisms are designed and implemented where they are needed
most, and less costly controls can be put in place for noncritical information.
• The quality of decisions is improved because the quality of the data upon
which the decisions are made has been improved.
• The company is provided with a process to review all business functions and
informational requirements on a periodic basis to determine priorities and
values of critical business functions and data.
• The implementation of an information security architecture is supported,
which better positions the company for future acquisitions and/or mergers.

2.3.7 Confidentiality
Confidentiality is the protection of information in the system so that unauthorized
persons cannot access it. Businesses need to protect proprietary trade secrets from
competitors or prevent unauthorized persons from accessing the company’s sensitive
information (e.g., development secrets, legal, or personnel).
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Confidentiality must be well defined, and procedures for maintaining confidentiality must be carefully implemented, especially for stand-alone computers. A crucial
aspect of confidentiality is user identification and authentication. Positive identification of each system user is essential to ensuring the effectiveness of policies that
specify who is allowed access to which data items.

2.3.8 Integrity
Integrity is the protection of system data from intentional or accidental unauthorized
changes. The challenge of the security program is to ensure that data is maintained
in the state that users expect. Although the security program cannot improve the
accuracy of data that is put into the system by users, it can help ensure that any
changes are intended and correctly applied.
An additional element of integrity is the need to protect the process or program
used to manipulate the data from unauthorized modification. A critical requirement
of both commercial and government data processing is to ensure the integrity of data
to prevent fraud and errors. It is imperative, therefore, that no user be able to modify
data in a way that might corrupt or lose assets or product development records or
render decision-making information unreliable. For example, product development
processes that require a high level of integrity include parametric component data,
and the associated CAD design information.
As with the confidentiality policy, identification and authentication of users are key
elements of the information integrity policy. Integrity depends on access controls;
therefore, it is necessary to positively and uniquely identify all persons who attempt
access.

2.3.9 Availability
Availability is the assurance that a computer system is accessible by authorized users
whenever needed. Two facets of availability are typically need to be addressed:
1. Denial of service
2. Loss of data processing capabilities as a result of technical failures (systems,
networks etc.), or human actions (accidental corruption of data).
Denial of service usually refers to actions that tie up computing services in a
way that renders the system unusable by authorized users. For example, a high
volume of users accessing a computer system on the network can cause them to be
nonresponsive to the requests of users.
The loss of data processing capabilities as a result of technical issues or human actions is perhaps more common. Such losses are countered by contingency
planning, which helps minimize the time that a data processing capability remains
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unavailable. Contingency planning — which may involve business resumption planning, alternative-site processing, or simply disaster recovery planning — provides an
alternative (backup) means of processing, thereby ensuring availability.
In summary, physical, technical, and administrative issues are important aspects
of security initiatives that address availability. The physical issues include access
controls that prevent unauthorized persons from coming into contact with computing resources, various fire and water control mechanisms, hot and cold sites for use
in alternative-site processing, and off-site backup storage facilities. The technical
issues include fault-tolerance mechanisms (e.g., hardware redundancy, disk mirroring, and application checkpoint restart), electronic vaulting (i.e., automatic backup
to a secure, off-site location), and access control software to prevent unauthorized
users from disrupting services. The administrative issues include access control policies, operating procedures, contingency planning, and user training. Although not
obviously an important initiative, adequate training of operators, programmers, and
security personnel can help avoid many computing stages that result in the loss of
availability.
The combination of integrity, availability, and confidentiality in appropriate proportions to support the organization’s goals can provide users with a trustworthy
system — that is, users can trust that it will consistently perform according to
their expectations. Trustworthiness has a broader definition than security in that
it combines security with safety and reliability as well as the protection of privacy
(which is already considered to be a part of security). In addition, many of the
mechanisms that provide security also make systems more trustworthy in general.
These multipurpose safeguards should be exploited to the extent practicable.

30

CHAPTER 2. INFORMATION SYSTEMS

Chapter 3

Managing the Design Chain
3.1 Introduction
The critical importance of effectively managing the flow of information across the
design chain (see Figure 3.1) has been realized by product development organizations. One of the main promises that DCM holds is the opportunity to improve
the flow of information across the design chain while reducing the cost of product
development at the same time.
Establishing the design chains that provide design chain member companies with
the complete information required, desired formats, appropriate documentation, and
at the right time lies at the very heart of design chain management. As product
development organizations implement and manage integrated design chains, several
key issues need to be addressed:
• Understanding the existing design chains
• Re-engineering design chain logistics
• Recognizing the importance of time
• Establishing a performance measurement system for the design chain

3.1.1 Understanding design chain management
The notion of a product development organization, its suppliers, and customers, all
working together to meet the needs of the ultimate end customer for the mutual
benefit of all parties concerned is a very appealing proposition. However, adopting
and implementing a design chain management strategy requires considerable effort
and represents a quantum change in direction for many organizations. Prior to
embarking into the promising, but largely “uncharted” world of DCM, it is critically
important that product development organizations have a detailed understanding of
current design chains and associated processes. This understanding will serve the
organization well in its efforts to determine the relative importance of its various
design chains and to identify those processes most in need of improvement.
31
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Figure 3.1: Generic Design Chain

The following section describes several tools and techniques that can be employed
by product development managers to help them fully understand their organizations’
design chains.

3.2 Re-engineering product development
3.2.1 Design chain basics
Organizations are simultaneously members of multiple design chains. A product
development organization in each chain typically offers a number of products and
services, obtains information from a wide range of manufacturers, and connects to
multiple customers. From the perspective of the typical product development organization, each of the design chains will have both internal and external “linkages”.
However, it is unlikely that all of the product development organizations design
chains will be part of formal inter-organizational design chain management initiatives. A product development organization must, therefore, focus its design chain
management efforts on those design chains most critical to the organization’s success. Critical design chains are those that offer the greatest potential for achieving
a competitive advantage while providing benefit to the entire product development
process.
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3.2.2 Internal design chains
The internal design chain is that portion of a given design chain that occurs within
an individual product development organization. Internal design chains can be quite
complex. Given the multi- divisional, international organizational structures found
in many businesses, it is not uncommon for the internal part of the supply chain
to have multiple “links” that span the globe. Developing an understanding of a
product development organizations’ links is often an appropriate starting point for
design chain initiatives. Interestingly, in multi-divisional structures, the individual
divisions are usually regarded as if they were external suppliers or customers. The
division autonomy must be taken in consideration when integrating cross-divisional
functions and processes.
Development of design chain process maps (typically activity maps1 ) for major
design chains and their related processes is a useful technique for establishing an
understanding of the internal design chain. Process map development is best accomplished through the use of cross-functional teams comprised of personnel from all
parts of the organization included in the design chain under review. Team members
must be knowledgeable regarding their part of the design chain and must also have
an understanding of how their part interfaces with the other design chain members.

3.2.3 External design chains
Once an understanding of the internal design chain is gained, it is necessary to
extend the analysis to the external portion of the design chain (i.e. key suppliers and
customers). This is an important step as significant opportunities for improvements
often lie at the interfaces between the various design chain member organizations.
This step also adds a greater level of complexity, given that multiple organizations
and their representatives are now participating in the analysis. At this point in the
analysis, any given organization should focus its efforts on design chains that have
the greatest potential for its own improvement.
Once the key design chains have been identified, it is also necessary to locate the
design chain linkages (suppliers and customers) that are considered most critical to
the product development organizations’ design chain efforts. These key linkages are
likely to provide the greatest benefits to the design chain management initiative.
Once the external participants have been identified, the development of the external design chain activity map is conducted in the same manner as discussed
earlier for the internal design chain. However, the team is now cross-functional and
inter-organizational in its composition. This team should include representatives
from all functional areas and all member organizations in the design chain under
consideration.
1 Activity mapping is best explained in the context of the Unified Modeling Language (UML).
An abundance of UML related articles and books can be found on the web.
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3.3 Design Chain Performance
In order to assess the performance of an existing design chain and its related processes accurately, it is necessary to collect (objective) performance information.
Ideally, this information should cover the full range of performance areas, including,
but not limited to:
• Product part information available
• Cycle times
• Quality
• Utilization
Gathering this information for internal design chain activities represents a significant
undertaking. Obtaining and sharing information with other design chain members
represents one of the more significant challenges faced in design chain initiatives.
However, if design chains are to be improved, decisions need to be based on objective
performance information and will require sharing of this type of information with key
design chain members. Organizational willingness to share information with other
design chain members is a critical selection criterion for design chain management
membership. An organization that is willing to receive information from other design
chain members but is reluctant to share information is a poor candidate for inclusion
in a design chain management initiative.

3.3.1 Benchmarking
In developing an understanding of existing design chains and their associated processes, benchmarking analysis has been shown to be an effective means to determine
the design chain’s performance relative to those in other organizations. Benchmarking has been defined as: “... the process of identifying, understanding, and adapting
outstanding practices from within the same organization or from other businesses
to help improve performance. This involves a process of comparing practices and
procedures to those of the ‘best’ to identify ways in which an organization (or organizations) can make improvements. Thus new standards and goals can be set
which, in turn, will help better satisfy the customer’s requirements for quality, cost,
product and service.”[9]
Benchmarking provides a means to focus the design chain management efforts
on those areas most in need of improvement (see Figure 3.2). This also will establish
a base line for future design chain re-engineering efforts.
Product development organizations must recognize that their current processes
and practices may not be the best approach within the context of an inter-organizational
design chain. Organizations must recognize the pitfalls of sub-optimization (i.e., an
incomplete functional or departmental basis) within the context of a single organization. The same logic must now be applied to the design chain to avoid “suboptimizing” at the design chain level. This means that the level of analysis for the
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Figure 3.2: Benchmarking Analysis Steps[9]

re-engineering effort is the entire design chain, and it is this larger system that the
member organizations must attempt to optimize.
Although internal corporate process improvements can lead to significant performance gains, product development managers are beginning to realize that reengineering must extend beyond their organization to include other members of the
design chain. This outward-focused approach to re-engineering is not only needed
to align corporate actions with end-user desires in terms of the timely and accurate provision of information and services, but in most cases can also significantly
improve profitability as shown in Figure 3.3. “You cannot re-engineer a process in
isolation. Everything must be on the table. Any attempts to set limits, to preserve
a piece of the old system, will doom your efforts to failure”[10]
Process improvements in the design chain may also significantly reduce the cost
of doing business for design chain members. For example, in product development
organizations that create consumer electronic systems, such as PCs, reducing the
cycle time for creating schematic symbols for the CAD tools can be significant.
Typically, this process takes anywhere from 1 to 2 weeks to create a corporate
standard symbol for the library. The time it takes heavily depends on the pin count
of the component. The cumulative effect of using new components in a design
can lead to significant project delays and cost over-runs. The obvious opportunities
lie in increasing the likelihood of component re-use while decreasing the additional
time required for new components.
Traditionally, a pin count of about 100 terminals on a electronic components
was relatively large. However, the advancements in miniaturization have enabled
manufactures to add more and more functionality into the electronic components.
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Figure 3.3: Market impact of the design chain solution

Figure 3.4: Component engineering cost
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The added functionality in modern components has lead to an explosion in the
number of terminals on an electronic component. 400 to 600 (and up to 1000!)
connections per component is becoming commonplace.

In fact, cycle times to create schematic symbols have become so large in some
cases, that customers prefer to reuse existing and presumably inferior components
over and over again. The acquisition cost for a new component is therefore avoided
or at least significantly delayed. It is evident that a delay in adopting a new component by a customer for a new system design in turn also delays the manufacturers
ability to introduce new functionality. Our studies have consistently shown that
design chain re-engineering can reduce the cycle time from 1 to 2 weeks to a half
day, virtually eliminating the penalty of using new components.

Figure 3.5: Component engineering cost using design chain improvements

3.4 Design Chain Cycle Reductions
Reducing the time required to provide the end-customer with information or services
is one of the major forces that is leading product development organizations to
participate in design chain management initiatives. Adopting an integrated design
chain approach provides the means to make significant reductions in the cycletime required to move information between design chain members and to the end
customer. Time is a highly effective area to focus overall improvements efforts within
a product development organization. The opportunity for cycle time improvement
is equally prevalent in an inter-organizational design chain environment.
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3.4.1 Cycle-Time overview
Cycle-time is the total elapsed time required to complete a business process. All
too often, only a small percentage of the total elapsed time required to complete a
process has anything to do with “real work”[11]. The rest of the time is typically
devoted to a wide range of counterproductive activities and events, all of which take
time. Identifying and eliminating these inefficient uses of time represent one of the
major design chain management opportunity areas. It is important to remember,
that cycle-time reduction is not just about completing a process quickly, meaning
speed for the sake of speed; it is concerned with completing the given process efficiently with fewer resources. By focusing on key processes, design chain member
organizations can make significant improvements in cycle-time performance. These
improvements can provide a source of competitive advantage for the product development organizations.

3.4.2 Causes of long cycle time
There are a number of causes of excessive process cycle times that can be found in
a design chain environment. The following section presents some of the key issues
that should be addressed when these situations are encountered.
• Waiting — In many multistep processes, significantly more time is devoted
to waiting between process steps than is spent in all of the processing steps
combined! Where are the longest “waits” occurring in the process? What are
the causes of these waits? What actions can be taken to reduce or eliminate
the time spent waiting?
• Non-Value-Added Activities — The key processes found in many product development organizations have been in existence for many years. The rationale
is often “...because this is how we’ve always done it...”. When examining
design chain processes, it is worthwhile to determine the value that is being
added by the overall process and individual process activities. It is not uncommon to find processes or activities within a process that were essential at
an earlier point in time that add little or no value in the current environment.
Is this process necessary? Do all activities in the process add value? Those
activities that are not adding value should be eliminated. If the process activity is adding value, is it being conducted in the “best” way possible given
current practices?
• Repeating Process Activities — A significant cause of poor design chain cycletime performance is having to repeat process steps due to information or
service quality issues. Are there parts of the process that are repeated due
to an inability to “get it right the first time”? What are the causes of these
problems? What actions are necessary to resolve these problems?
• Poorly Designed Procedures — Do the procedures associated with a specific
process lead to the efficient completion of the process? Or do they significantly
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increase the time required to complete the process by creating more work while
adding little value?
• Outdated Technology — Are the design chain member organizations making
the best use of available technology? How is key information communicated
across the design chain?
• Lack of Information — The cycle time for engineers to make decisions in the
design chain is often lengthy due to the time needed to gather the information
required to make decisions. The required information may originate within
the engineers’ organization or in one or more of the design chain member
organizations. Do engineers have the information that they need when they
need it and in the desired format? How much time is being spent identifying,
collecting, and manipulating the information prior to key decisions?
• Lack of concurrency — Can another task begin before a previous one is
finished? Are given tasks really dependent on each other?

3.4.3 Opportunities for cycle time reduction
As product development organizations focus on time-based performance, it is imperative that design chain member organizations have the capabilities to meet this
time-based challenge. DCM represents the following challenges:
• It does not matter how well you perform, there is always room for improvement
• Customers are not impressed by past performances. To be competitive the
organization has to be a top performer every day
With this challenge, product development organizations need to begin their quest
for cycle-time reduction. Opportunities for cycle-time reduction exist in both an
intra-organizational and inter-organizational environment. Although examining the
entire design chain is a considerable effort — from information acquisition through
creating a bill-of-materials — it is usually warranted. If a complete analysis cannot
be carried out, certain specific design chain activities can be singled out for a review:
• Information acquisition (search and select)
• Information usage (directly usable content versus re-keying)
• Change processes
• Sharing of product development information
There are many viable approaches to reduce cycle time in the design chain.
Specific tools and techniques will depend upon the current state of affairs within
the product development organization[12].
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3.4.4 Performance measurement
The concept of DCM requires measuring overall design chain performance rather
than only the performance of the individual chain members. It is the combined
performance of the design chain, the final outcome of the efforts of all integrated
members, that is of greatest importance from a measurement perspective. Whatever
the measurement metrics are chosen, all need to have one central, overriding focus:
continual improvement of end-user experience. It is this final user of the design
chain that must be satisfied for the overall design chain to be successful in the
long-term.
These end users care very little about the time required to acquire data from a
supplier or about the cost of transforming it into useful information associated with
this activity. The end user is concerned with the time required to meet his demands
and the cost of doing so. This fundamental concern is reflected most generally in
a desire to continually reduce total cycle-time. The specific measures necessary to
manage design chain performance will vary according to the product development
organization, product line, industry, or other factors. However, the importance of
maintaining an end-user perspective when developing these measures cannot be
overemphasized. Most important is the integration, across the entire channel, of
information systems that allows the sharing of information and also facilitates the
measurement of performance.

Chapter 4

Design Chain Relationships
In discussing the implementation of a truly integrated design chain, product development organizations are continually faced with the challenge of managing the
“people” part of the equation. As shown in 4.1, relationship management affects all
areas of the design chain and has a dramatic impact on performance. In many cases,
the information systems and technology required for the design chain management
effort are readily available and can be implemented within a relatively short time
period. A number of design chain initiatives fail, however, due to poor communication of expectations and the resulting behaviors that occur. It is a major fallacy
to assume that managing personal relationships between product development organizations will automatically “fall into place” once the information systems are
established. The management of interpersonal relationships between the different
people in the organizations will more often be the challenging part of the design
chain initiatives. Moreover, the single most important ingredient for successful design chain management may well be a trusting relationship between the partners
in a design chain, where each party has mutual confidence in the other members’
capabilities and activities. Without a good relationship, all of the other systems
(information systems, design chain tie-in’s etc.) cannot function effectively.
In the early stages of supply chain management, organizations will often eliminate those suppliers or customers that are clearly not suitable, because they do not
have the capabilities to serve the product development organization, are too distant,
are not well aligned with the company, or are simply not interested in developing
a relationship. After these firms are eliminated from consideration, product development organizations may occasionally encounter a design chain member who is
willing1 to put forth a the time and effort required to create a strong relationship.
In such cases, product development organizations may consider developing a special type of design chain relationship in which confidential information is shared,
assets are invested in joint projects, and significant joint improvements are pursued.
These types of inter-organizational relationship are sometimes called strategic al1 Of

course, with enough clout, an organization can be “willed”
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Figure 4.1: General Design Chain

liances. Our definition of a strategic alliance is the willingness of participating
product development organizations to modify their business practices in order to
reduce duplication and waste while facilitating improved performance.

4.1 Conceptual modal of alliance development
Typically organizations establish and develop design chain alliances as shown in Figure 4.2[13]. The general model has a number of vertical and horizontal components:
• The strategic component examines how strategic expectations and evaluations of alliance effectiveness evolve as an alliance progresses through the
development stages.
• The process component outlines the stages of alliance development that show
the required steps for the formation, implementation, and maintenance of an
alliance.
• The operational component positions the development of search and selection
criteria and operating standards for managing an alliance.
Within each horizontal stage, we must also consider the vertical stages that
occur. At each stage (as we go from top to bottom), managers must consider the
strategic and operational issues that coincide we each of the following horizontal
stages of development:
• Level 1 — Alliance Conceptualization — begins when a product development
organization determines a collaborative arrangement has appeal and provides
a potential alternative to the current arrangement.
• Level 2 — Alliance Pursuance — the decision to form an alliance is finalized,
and the firm establishes the strategic and operational considerations that will
be used to select the alliance partner.
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• Level 3 — Alliance Confirmation — focuses on partner selection and confirmation. Managers determine the strategic and operational expectations for
the arrangement.
• Level 4 — Alliance Implementation/Continuity — creates a feedback mechanism to administer and assess performance continually to determine whether
the alliance will be sustained, modified, or terminated.

Figure 4.2: General Alliance Development Model[13]

4.2 Developing a trusting relationships with partners in
the desin chain
As discussed in the previous sections, trust is not something that simply “happens”.
Especially in the early stages of a design chain relationship, partners must not trust
only one another but also other members higher up or lower down the design chain.
Trust can be initiated when a company’s performance history and reliability of its
design chain linkages can be demonstrated. Trust is not something that can be
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easily measured or identified. The elements of trust will typically vary considerably
depending on the situation. Once it is understood how trust develops, one can then
understand the types of actions that can lead to a trusting relationship, resulting in
the important benefits achieved through design chain integration. In general, the
following types of trust can be identified:
• Reliability — The product development organizations act in a consistent and
predictable manner over an extended period
• Competence — The perception of a product development organization in the
abilities of another organization to meet its commitments
• Loyalty — This typically occurs after a period of reliable performance

4.3 Resolving conflicts in the design chain
All contracts, no matter how carefully worded and prepared, can be subject to
some form of dispute or disagreement between the parties. Design chain managers
must, therefore, attempt to envision the potential for such conflicts and prepare
appropriate conflict resolution mechanisms to deal with such problems should they
arise.
The traditional mechanisms for resolving contract disputes is grounded in commercial law, which provides a legal jurisdiction in which an impartial judge can hear
the facts of the case at hand and render a decision in favor of one party or the
other. Most organizations will prefer to avoid any lengthy and costly legal battle.
Taking a dispute into the court system should be viewed as the last resort, not an
automatic step in resolving contractual disputes.
Perhaps the simplest method of resolving a contractual disagreement involves
straightforward, face-to-face negotiation between the two parties involved. In the
alliance model discussed earlier, continuous monitoring of performance and feedback
systems in alliance management, prevent problems whenever possible.
In some situations, no amount of negotiation produces a solution. When this
alternative is exhausted, both parties become aware of the fact that it may be
practically infeasible to agree on suitable alternatives. In such cases, it may be
virtually impossible for the parties to negotiate an acceptable resolution of the
dispute on a good-faith basis without additional assistance from outside parties. In
such cases arbitration may be a solution. Arbitration, if set up and handled properly,
can serve to protect the interests of both parties to the dispute better because it
is relatively inexpensive, less time-consuming, private, and typically a reasonable
solution for all involved.

4.3. RESOLVING CONFLICTS IN THE DESIGN CHAIN

45

Mediation is another form of conflict resolution between two parties. Mediation
involves the intervention between conflicting parties to promote reconciliation, settlement, or compromise. Mediation varies from arbitration in that the arbitration is
binding on the final decision on the parties. In the mediation process, however, the
disputing parties preserve their right of final decision on the solution presented by
the mediator.
The importance of speed in obtaining a resolution can be a determining factor
in the choice of whether to litigate, arbitrate, or mediate. In many instances the
alternatives to legal battles in court are quicker than litigation. Time pressure may
force the disputing parties to be more creative and understanding in reaching an appropriate resolution short of meeting in court. There is a direct relationship between
the time involved in settling a dispute and the cost involved; quicker resolution is
generally cheaper.
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Chapter 5

Future challenges of Design Chain
Management
The practices described in this report are considered “leading edge” in many product
development organizations. The very nature of design chain management is unique.
Because of the incredible complexity and scale involved in managing the flow of
intelligent information between multiple entities in the design chain, there exists
a broad and ever-changing set of priorities that must be managed at any given
moment. As design chain strategies evolve, product development managers will
encounter new and challenging situations every day. Some of these challenging
situations are internal and involve getting people to adopt the new way of thinking.
This section explores some of the challenges facing design chain managers and
identifies a set of future strategies to address these challenges. These include the
following:
• Sharing risks and reward in inter-organizational relationships
• Managing the global design chain
• Maturing the e-business relationships
• Designing for design chain management
A compelling factor is the “first-mover advantage”. Future success is directly
proportional to a product development managers’ ability to recognize changes and
respond positively[14].

5.1 Sharing risk and reward
As noted in the chapter “Design Chain Relationships” on page 41, trust is a very
fragile element binding organizations in a design chain. Clearly the concept of collaboration and joint competitiveness is often more appealing than “going it alone”.
However, as demands on the design chain continue to escalate, the relationship
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between product development organizations will be tested. In any design chain, a
number of risks exist that must be managed between participating companies.
• Confidentiality — In order to function, companies in a design chain will need
to know more about one another than ever before. To manage the flow of
information, product development organizations need to share both strategiclevel information (corporate and business unit level), and operational-level
information (development schedules etc.).
• Research and development — As design chain partners work together, sharing new product information will become increasingly important. Moreover,
suppliers will bring with them proprietary technologies to be used in their
customers products, whereas customers may also jointly develop new products with suppliers and share with them their new product configurations and
architectures.
• Increased service expectations — Most companies today are focusing primarily
on the elements of a business transaction that take place at a single point
in the design chain. However, future challenges will involve how to manage
both the pre-transaction and post- transaction elements.
• Leverage — As companies continue to merge and acquire one another, power
bases will continue to shift. In general this is a good thing; however, how
can a less powerful design chain member achieve or maintain a competitive
advantage?
• Mass customization — Customers will also continue to demand increasingly
“mass- customized” products. This means that although aggregate demand
forecasts will remain relatively stable, the number of different products will
continue to increase, resulting in a fragmented array of customer options.
• Shared responsibility — In order to justify design chain investments, product
development managers will need to determine who takes on the risk of the
investment, and who is entitled to the reward if and when it pays off.

5.2 Managing the global design chain
niahc ngised labolg eht gniganaM The trend to manage the global design chain is
fueled by the need for centralized product development organizations even though
they may be geographically dispersed. Global networks have also been further aided
by lower communication costs, the explosion of the WWW and Internet, and the
expansion of services that connect remote parts of world with each other. A number
of important issues will have to be addressed with respect to the global design chain:
• What are the critical success factors for managing the global design chain?
• In a global context, how does crossing international borders influence management decisions in the product development design chain?
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• What are the needs for internationalization and localization for a global design
chain?
In the face of these problems, developing a global design chain becomes an
increasingly complex process fraught with uncertainty and risk. Corporations will
need to develop personnel with foreign language, negotiation, and problem-solving
skills, who are willing to be assigned to these areas.

5.3 Maturing the e-business
The Web is essentially a tool that is built on top of the Internet and provides a
user-friendly graphical interface for searching out information on products, services,
companies, and just about any area of interest possible. Although this technology
is fascinating, it is important to note that the Web requires human interaction: It
does not work on its own. Generally speaking, companies in an integrated design
chain do not want their users “signing on” to a supplier’s or customer’s Web site
every time they want to conduct a transaction. This would be an excessively tedious
and time- consuming process. Instead the Web should be used as a search engine
to get information on products and services, or for exceptions when a very specific
communication with a supplier or customer is required. Although the Internet can
also be used as a “highway structure” for data, the Web itself is not a medium for
conducting transactions. Instead, companies require application- specific systems
that can handle all of the many daily transactions between design chain members.
A major challenge facing companies with design chain information systems is how
to process and utilize the information available to users within the chain. Intelligent
information systems address these issues by offering new types of intelligent decision
support systems. Such systems offer a three-tiered approach
• Better planning and decision making via intelligent decision support systems
• Network systems with intelligent communications support
• Enterprise systems that offer intelligent operations response
The lack of collaborative planning between design chain partners is one of the
main weaknesses in the design chains. Currently, some tactical requirements may
be shared, but there is little collaboration in developing common product development strategies. The result is that decisions are made sequentially, with no joint
planning and predictability. These decisions are often mismatched and suboptimal.
Sequential decision making does not account for possible variances in the system,
which can sometimes be planned for using simulation and “what-if” analysis. The
most important steps in implementing design chain management systems is the
need to provide a single point of contact for customer service and information exchange. Although this statement appears obvious, the challenges associated with
implementing such a system are significant.

50 CHAPTER 5. FUTURE CHALLENGES OF DESIGN CHAIN MANAGEMENT

5.4 Designing for the design chain
Design chain members will increasingly need to improve coordination of information
and information sharing through joint development of new products. By joining
forces and sharing design information and technology trends, significant synergies
can be achieved to create new products that can quickly capture market share.
An equally important benefit of this collaboration is the increased standardization
and simplification of product designs that can lead to a “design for design chain”
approach.
Design for design chain extends the concept of “design for manufacture-ability”,
which refers to the process of simplifying product designs to allow easier manufacture
and assembly. Design for design chain broadens the scope to the entire flow of
information across different design chain entities. An important attribute associated
with a product’s design is the actual complexity of the design, with respect to the
number of standard parts and components that go into the final product. Such
attributes can have a significant impact on a product development organization and
overall design chain performance.
For instance, in the electronics industry, field programmable gate array (FPGA)
integrated circuits can be mass-produced, yet configured by engineers in the field
to a customer’s specific application in its product development organization. This
avoids having to produce an application specific integrated circuit (ASIC), which
would cost much more because of the small batch run.
Another related factor affecting product complexity is whether or not a dominant design has evolved over time. In the newly developing markets, a number of
product designs frequently are competing to become the industry standar[15]. In
the telecommunications industry, for example, thousands of different options are
required on telephone switches, and there is no way to reduce these to specific
customer demands.
Nowhere is this more important than in industries with short product life cycles.
Those companies are facing the engineering challenge of developing products that
meet customer’s requirements for higher performance (e.g. speed and capacity) and
yet consume the same or less energy and space than the existing products. These
products must also provide improved quality and shorter development time, all while
meeting market-driven cost targets. More demanding performance requirements
have driven technological improvements of components used with the products.
In seeking to develop products that are easier to manage from a design chain
perspective, design chain partners within product development organizations need
to push for more product standards.
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