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The nature of the uncertainty changes as we progress through the project. This means we 

have to be prepared to ask different questions depending on the deliverables under scrutiny 
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have to be prepared to ask different questions depending on the deliverables under scrutiny 

and the actual tasking of the current work.
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I don’t know if this is an exhaustive classification of types of complexity. These categories 

seem to be useful to someone in a project management role. The effect of each type 
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seem to be useful to someone in a project management role. The effect of each type 

described calls for different management response.

We do not have time to talk about “Emergent Behavior” this time. However, I can tell you 

that discussion is about determining what happens when your system must respond to a 

new stimulus. You do not want the system to do anything bad or to fail, but often you must 

accept that new stimuli will arrive. How would you instrument your system to recognize that 

you had received a new stimulus or that your system was exhibiting a new type of 

response?
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Brittle means that a change to a component may break other components.
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Interfaces will require IPT structures. The IPT structure generally should be built along 

product structure rather than organizational structure.

Design responsibility questions arise when two different teams have a debate about who 

should do what work.

Sequencing (schedule) is more difficult because critical path moves back and forth between 

teams.
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These different value systems are often in conflict with one another. Problems occur when 

one individual has to be responsible for more than one viewpoint – the resulting behavior is 
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one individual has to be responsible for more than one viewpoint – the resulting behavior is 

either schizophrenic or ignoring one of the value systems.

Engineering process includes such things as design rules governing how we make design 

decisions.

This diagram also reflects the problem of change management. The effects of each change 

ripple to the other value systems. Somehow, the project must bring all three (or more) value 

systems to the table. This can only be accomplished effectively if each value system is 

independently represented.



It is impossible to create a complete list of size measures. The primary purpose of size is to 

help with estimation and planning. The second use of size is to normalize defect information 
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help with estimation and planning. The second use of size is to normalize defect information 

and process.

Component functional responsibility affects team size, individual work assignments, IPT 

size, etc.

Coupling is an indirect (second order) measure of big. We do know, however, that modules 

with the highest coupling correlate to modules with lowest reliability.  Too much coupling is 

bad for both the developers and the testers. Coupling is a measure applied to a single 

component.

#Capabilities (skills and processes) is another measure that suggests the need for an IPT 

structure (team of teams). Mixtures of hardware and software, development and validation, 

etc. all drive the need for the IPT.
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The traditional model of technology as “Technology Readiness Levels” only looks at whether 

the science exists. It does not address the organization’s ability to use the technology or the 
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the science exists. It does not address the organization’s ability to use the technology or the 

customer’s readiness either. 

This error in understanding has often generated mistaken assumptions about the nature of 

technology problems and how they affect implementation. We suggest a measure of 

“technology adoption” or transition that includes monitoring the creation of design rules, 

testing procedures, user documentation, logistics, etc.
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Design rules represent how the engineers are supposed to make decisions using the new 

technology. 
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technology. 

Verification and validation should not be new, but validation is often neglected. You simply 

cannot deliver a successful product based solely on the requirements and specifications.

You can find some interesting reading about how organizations manage development of 

new skills. It’s not really about training – it’s about learning. Some of the reading will fall 

under the heading of IPPD – Integrated Product and Process Development.
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Executing an experiment is not particularly unpredictable even though the outcome is 

unpredictable. Therefore the experiment needs to be designed to help with making a choice.
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unpredictable. Therefore the experiment needs to be designed to help with making a choice.

The number of experiments can be unpredictable but there have been some studies that 

suggest using the Design Structure Matrix method to predict how many experiments might 

be needed.

The biggest problem occurs when no one realizes that the conflicting goals scenario virtually 

requires us to perform some number of experiments. The alternatives for finding the sweet 

spot are all more complicated and more time consuming.
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We must estimate functional responsibility at the component level at some point during the 

planning process because it drives the partitioning of product into team- and individual-sized 
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planning process because it drives the partitioning of product into team- and individual-sized 

chunks. Component size is part of the detailed design planning, though it can be estimated 

reasonably at the architecture and requirements level.

Estimating innovation means understanding how many technologies will be adopted and 

estimating how many people, deliverables and processes will utilize the new technology. 

Each new technology will affect resources, schedule and product development processes. 

Does your change management allow you to change the process?
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This slide is presented because assigning too much responsibility to any individual or team 

will increase project risk.
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will increase project risk.

Besides team-to-component size considerations, failure to align responsibility properly can 

result in other dysfunction. 
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It is hard to emphasize how severe a problem multitasking can be. Research literature 

suggests that people can handle two conceptual streams but not 3 or more. Task switching 
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suggests that people can handle two conceptual streams but not 3 or more. Task switching 

becomes very expensive. 

Since lead time for invention is somewhat unpredictable, adding multitasking increases the 

unpredictability. In other words, you just added to the project risk.
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We mentioned the importance of modularizing the project. Sometimes the modularity results 

in development “cycles” or coupling where the output of A affects the input of B and the 
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in development “cycles” or coupling where the output of A affects the input of B and the 

output of B requires the input of A.

Not every cycle can be broken, however it is important to utilize as few cycles as possible 

and to keep them close together as possible.

© 2006 Carnegie Mellon University



There are several methods for using Design Structure Matrices. Each provides potential for 

action.
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action.
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Reordering the matrix yields a significantly better structure. We can use this approach to 

improve, component relationships, team relationships, and task relationships. The goal is to 
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improve, component relationships, team relationships, and task relationships. The goal is to 

rearrange the order of rows and columns to reduce the effects of the cycles.
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Technology transition is about teaching the organization. It is represented on each axis of 

organizational capability.  At each major milestone, the risk can be evaluated. Scores on all 

10/7/2008

CSPIN Oct 2008

Bob Ferguson

24

organizational capability.  At each major milestone, the risk can be evaluated. Scores on all 

axes are used to judge whether the technology is maturing as planned. 
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I have a draft of a12-page guide about applying these concepts. The guide consists of a 

customizable set of questions related to each of the architectural views. The questions are 
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customizable set of questions related to each of the architectural views. The questions are 

then applied to a set of design reference cases. (next slide)
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A number of DRCs are needed but only a few need to be checked during any specific design 

review. 
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review. 

Say for example, you are going to test 2 mission threads, a failure case and a performance 

case.

Failure case: “What happens if we lose a node of the network for 24 hours? How much 

capability remains?”
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