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New product development can be understood as some kind of information-based factory (Bauch, 2004): Its typical phases (Figure 1)
include creating, gathering, and evaluating information and reducing risk and uncertainty at the same time with the target to gradually
develop a new and error-free product which can then be realized by manufacture, sale and delivery to the customer. Through these
value identification, value implementation, and value delivery cycles, the integration between product, process and organization
creates a complex system that daunts engineers and managers; where complex system formally refers to a system of many parts
that are coupled in a nonlinear fashion, and given the properties of the parts and the laws of their interactions, it is not a trivial matter
to infer the properties of the whole (Simon, 1969).

Figure 1: Typical product development phases.

Furthermore, in complex engineering products or systems (such as cars, aerospace systems, software, or industrial equipment) the
coupling of individual components or modules may turn engineering changes in a component into “snowballs,” in some cases
causing long rework cycles and turning virtually impossible to anticipate the final outcome (Mihm, Loch, & Huchzermeier, 2002).

This work proposes an approach to the lean development of complex products. Lean development aims to create value, with its two
elements of doing the right job and doing the job right (Murman et al., 2002); where the former maximizes the value creation, while
the latter minimizes the waste in the process.

The approach considers the value delivery complexity as including product, processes, and organizational elements (Loureiro,
1999). It aims to derive a project plan that is based on a network of value confirmation events that pulls only the necessary and
sufficient information from product development activities. Such a scheduling method is being applied to aerospace systems projects
and has a high potential to be spread over other complex engineering projects.

This paper is organized as follows: First, the concepts of value creation and waste reduction are presented in the context of product
development. Next, the approach and an implementation alternative are presented. Finally, preliminary results are discussed and the
information is summarized in the concluding remarks.

Value Creation
Value is the basis for lean thinking. The value, as defined by the stakeholders, pulls the product development, which itself pulls the
project planning. A plausible definition of value in product development is “the right information products delivered at the right time, to
downstream processes/customers, where it is quantified by form, fit, function, and timeliness of information products” (Walton, 1999,
p.17).

Every project task should be directed toward creating deliverables, which themselves materialize the identified value. Thus, an
activity on a project is value-added if it transforms the deliverables of the project in such a way that the customer recognizes the
transformation and is willing to pay for it (Mascitelli 2002). The value life cycle through product development can be represented by
the value creation framework (Figure 2).
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Value Identification: Involves identifying the stakeholders and their value needs or requirements
Value Proposition: Where the needs of key stakeholders come together
Value Delivery: Creation of the interconnected chain of activities (“value stream”) to convey the benefits required to the
stakeholders (not only the client). Value delivery depends on adding value at every step along the value stream.

Figure 2: The value creation framework (Murman et al., 2002, p. 11).

Systems Engineering and Value Identification and Proposition
The inherent complexity in the development of complex engineering products is a serious obstacle to value creation. By concurrent
engineering principles, when a product is conceived it already constrains its life-cycle processes and the organizations that perform
those processes. In order to manage the inherent complexity of the product development activity, one must consider from the outset
product, processes, and organization in a concurrent and integrated manner; otherwise complexity will escalate. Failure to
encapsulate the problem to be solved promotes complexity escalation, according to Warfield (1994).

By the characteristics presented, the product plays only a part of the whole complexity. The total view framework (Figure 3),
proposed by Loureiro (1999), represents the complexity associated not only with a product that is itself complex but also with the
interactions among the product, its life-cycle processes and organizational attributes: It “is a modeling framework that integrates the
product, its life-cycle processes, and the performing organization throughout the requirements, functional, and physical analysis
processes, at all levels of the product hierarchy, deriving attributes as emergent properties of a whole integrated system” (Loureiro,
1999, p. 152).

Figure 3: The total view framework (Loureiro, 1999, p. 152).

This work advocates a total view while applying systems engineering to value identification and proposition in the development of
complex engineering products, where, in each part of the system, product, process, and organization are considered.

Waste Reduction
On value delivery, the lean thinking main goal is to eliminate all the waste from the system. Waste is any activity that consumes
resources but does not create value. Womack and Jones (1998) noted that an ideal design process would operate much like a
single-piece flow in a manufacturing system. Such an analogy suggests that in a lean product development, a new product design
would move continuously from concept to production, without stopping due to bureaucratic needs and without backflow to correct
mistakes (Walton, 1999).
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In manufacturing, for instance, Toyota has established a set of seven waste categories that ease the task of waste finding and
elimination. Figure 4 shows these seven wastes from the product development perspective.

Figure 4: Seven wastes on product development 
(Adapted from: Bauch, 2004; Millard, 2001; Walton, 1999).

The Approach
The approach described in this section applies the lean principles, based on value creation and waste reduction, to derive a project
plan that is based on a network of value confirmation events that pulls only the necessary and sufficient information from product
development activities. It considers the following project plan requirements to allow the lean development of complex products
(Pessôa & Alves, 2005):

Value-based: The product scope must incorporate all and only the customer value.
Deliverable-oriented: Every project task should be directed toward creating deliverables, which themselves must materialize the
value.
Lean itself: The planning process and the plan itself must promote the waste drivers avoidance during execution.
Synchronization: The scope and activities definition and sequencing changes must keep the bottom-level dependencies, where
the project result is achieved through a stepwise value aggregation effort.
Allow parallel development: Technical risk avoidance can be achieved through parallel development of alternatives.
Knowledge capture: The improvement program must systemically take advantage of every opportunity of learning.

Figure 5 briefly presents the approach where (1) value as stated by the stakeholders is analyzed to determine which system
architecture best delivers them; (2) a parallel development strategy is defined; (3) a value confirmation network is created; (4) the
project activities are defined; (5) the schedule is consolidated.
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Figure 5: The approach on an IDEF0 notation.

System Value Delivery Architecture Determination
This step includes both value identification and proposition. The value as stated by the stakeholders is translated into systems
engineering requirements through requirements and functional analysis. These requirements are themselves deployed on the value
delivery architecture. The subsystems that compose the architecture consider from the outset product, processes, and organization.

Parallel Development Strategy Definition
The strategy determines whether a particular subsystem will be developed through a set of alternatives: instead of relying on just
one development alternative (frequently the low-risk one), a set of alternatives is carried in parallel. Once the use of parallel
development on all subsystem may not be necessary, useful, or possible, a strategy must be defined. This approach proposes that
the subsystems that deliver more value and/or have higher risks on delivering this very value (the higher f [value, risk]) are the best
candidates to perform parallel development.

Value Confirmation Network Creation
Knowing the value, how it is delivered by each subsystem and the risks on doing that, a set of value confirmation events (checks,
tests, experiments, etc.) can be listed. If the company has a standard methodology, as suggested by maturity models such as
Capability Maturity Model Integrated (CMMI ) (Software Engineering Institute, 2002) and Organizational Project Management
Maturity Model (OPM3 ) (Project Management Institute, 2003), the value confirmation network creation will have the predefined
tests and evaluations as a starting point. The event dependencies are then determined and a value confirmation network is created.

Project Activities Definition
The activities are pulled from each subsystem (product + process + organization) by the confirmation events from the network. Each
subsystem must provide all and only the required information, parts, prototypes, etc., to enable each confirmation event. During
execution (Figure 6), the confirmation events signal the related subsystems to start their work, avoiding the early definition/creation
of unnecessary information/parts. Thus, a pulled flow of information is created, instead of the pushed flow that is a characteristic of
traditional schedules.

Schedule Consolidation
The final schedule is consolidated by considering resource availability, schedule compression techniques, etc.

Figure 6: Pulling activities during execution.

An Example of the Approach Implementation

®
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This approach is still under development and is being studied in the context of aerospace projects. One implementation has been
made with the adaptations of known tools and techniques, such as quality function deployment (QFD), set-based concurrent
engineering (SBCE), design structure matrix (DSM), and precedence diagramming method (PDM). Figure 7 presents the tools used
for steps 1 to 3, presented in Figure 5. Steps 4 and 5 implementation is presented in Figure 8. Note that the colors shades of the
steps in Figure 5 are the same as the corresponding tools in Figure 7. The authors acknowledge that the method presented in this
section is one of many alternatives and that these tools and techniques were chosen based on general knowledge and
documentation availability.

To determine the system architecture and define a parallel development strategy, a QFD matrix (Figure 7) is used, where the
following occurs:

The value defined by systems engineering requirements and functional analysis is correlated to the subsystems that will deliver
this value.
The coupling between subsystems is documented in order to later help on activities sequencing.
Each value is graded according to the stakeholders’ perceived importance.
The total value a subsystem should deliver and the perceived risk to successfully deliver it create a relative rank of best choices
to parallel development. A Pareto chart helps with visualization and comparison.

Figure 7:– From value to value confirmation.

A correlation matrix (Figure 7) is then used to create the best set of value confirmation events. These events not only include tests
and evaluation, to determine whether the value has been incorporated to the system, but also check if risks have been eliminated in
order to allow narrowing during set-based concurrent engineering (SBCE).

SBCE is an upgrade of the concept of concurrent engineering used by Toyota. SBCE allows decisions to be delayed and design
options to remain open until it is absolutely necessary to select a point solution. SBCE is a set of simple and repetitive development
cycles that achieve high innovation in products and manufacturing systems, avoiding risk through redundancy, robustness, and
knowledge capture (Kennedy, 2003).

During SBCE, the development team does not establish an early system level design, but instead establishes sets of possibilities for
each subsystem, many of which are carried far into the design process (Figure 9). These sets consider all functional and
manufacturing perspectives, building redundancy to risk while maintaining design flexibility. The final system design is developed
through systematic combining and narrowing of these sets, when alternatives are eliminated according to the growth of knowledge
and confidence (Kennedy, 2003).
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Figure 8: Confirmation events pulling activities from the subsystems.

This set of confirmation events is ordered by a task-based Design Structure Matrix – DSM (a good introduction to DSM is presented
by Yassine, 2004), whose output is a confirmation events network (Figure 9). To define the activities, each event “asks” the related
subsystems the necessary information, parts, prototypes, etc., that it needs to be performed. Depending on the subsystems’
coupling, these activities are themselves sequenced. During execution the confirmation events act as signals to pull the activities.

Finally, the schedule is created, considering other planning issues, such as resource availability, compression techniques, etc.

Figure 9: Set-Based Concurrent Engineering (Modified from: Ford & Sobek, 2004).

Discussion of Preliminary Results
Even though still under development, the approach presented was applied to two aerospace projects. The first is an ongoing project
where the method was used to determine the value tree, the SBCE strategy, and the homologation plan development. The
development company’s decision, though, was to use traditional management. Being so, the authors decided to compare the
decisions and the work performed with the ones that would be obtained by the application of the method. The second is an already
finished and well-documented project where a what-if analysis is being done according to the method.

The strategy chosen to compare the traditional and the new way is as follows:

On value identification and proposition: Analysis of contractual and requirements documentation used and the results achieved
by the use of systems engineering (what-if).

Value delivery: Check the evaluation plan completeness on guaranteeing all the stakeholders’ value, and determine the rework
cycles due to early definition and to not using SBCE.

The first preliminary result was the development recognition of the method’s usefulness on value identification and proposition. Now
the decisions and work of the projects are being analyzed.

Conclusion and Future Work
The problem studied was to find a way to deal with the product development inherent complexity. To solve this, a method was
designed that applies lean principles to the project planning phase in order to reduce waste and create a schedule that represents
the information flow, where the project is planned by using a pulled information progression network that represents the value flow.

The method consists of five steps: (1) value as stated by the stakeholders is analyzed to determine which system architecture best
delivers them; (2) a parallel development strategy is defined; (3) a value confirmation network is created; (4) the project activities are
defined; (5) the schedule is consolidated.
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The main tools used to implement the method are QFD and DSM. The former correlates the value and the value delivery
architecture, and helps the SBCE strategy determination. The second defines the sequence of the value confirmation events that
themselves pull the necessary information from the subsystems.

An application to the development of two aerospace projects demonstrated that the method improves value identification and
proposition, and now the analysis of its impact on value delivery is being carried out.
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