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Introduction (1 of 2)

• Organizations achieve CMMI Level X and fully comply  with 
assessment criteria – i.e., Do ALL of the Right Thin gs.

• Yet, programs  continue to have performance issues.  

• How can this occur?

• SE101 – They fail to perform SE with discipline at a  
necessary and sufficient level to minimize program and 
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necessary and sufficient level to minimize program and 
technical risk.

• Programs fault SE for being:

– Philosophical

– Too rigid

– Inflexible

– Bureaucratic, etc.
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Introduction (2 of 2)

• Simply performing these practices may be the RIGHT THING 
TO DO. However, the challenge comes in:

1. Strategizing HOW TO SCALE the practices to meet program needs. 

2. Orchestrating a team in applying the practices.

3. Committing to STICK TO THE PLAN

• This evening’s presentation explores 12 essential S E 
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• This evening’s presentation explores 12 essential S E 
practices everyone performs (or should perform) and  
provides some personal observations and insights 
concerning how poor performance in these areas cont ributes 
to the program and technical performance issues.

• First … let’s begin at the Roots of Program Planning  and 
Performance Issues.
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Roots of Program Planning and Performance Issues

Engineering
System 

Contracts

Customer
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Lessons from the Ancient Map Makers
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Source: Paper - Dr. Arthur A. Moorish, Director Tactical Technology Office (TTO)
Here Be Dragons, http://www.darpa.mil/darpatech2005/presentations/tto/morrish.pdf
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Locating the Organization’s Process Dragons
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Organizational Performance Perspectives
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Your Choice  

DeliveryKey Milestones Key Milestones Delivery

System Engineering
Approach
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Solution 
Decision 

Convergence

Delivery
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PM – Engineering Interface Challenges
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12 Practices Essential to System Development Succes s

1. Understand the User’s Problem Space

2. Make Product – Based, Multi-Disciplined Decisions

3. Manage Solution Space Complexity

4. Analyze, Trace, and Manage Specification Requirem ents

5. Select System Architecture from Viable Candidates

6. Develop Architecture -Based Specification Trees
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6. Develop Architecture -Based Specification Trees

7. Perform Model-Based Systems Engineering (MBSE)

8. Make Analysis of Alternatives (AoA) Decisions

9. Define and Control Interfaces with Discipline

10. Capture Developmental Configuration Baselines

11. Track Progress, Performance, and Defect Tracking   Metrics

12. Relentlessly Perform System Verification & Valid ation (V&V)
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Understand the User’s-Entity Problem–Solution Space s

• System development efforts 
sometimes fail because the User 
and / or  the Developer did not 
fully understand the central 
problem / issues to be solved.

• Once the PROBLEM SPACE has 
been properly identified and 

Solution 
Space 1.0

Solution 
Space 2.0

Problem
Space

Starting 
Point

User(s)
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been properly identified and 
bounded, SEs must lead and 
orchestrate the partitioning of 
the space into one or more 
SOLUTION SPACES.

• The challenge is being able to 
ACCURATELY and PRECISELY 
specify and bound the solution 
space(s) via the respective 
performance specifications.  

End Product

Solution 
Space 4.0

3.3

Solution 
Space

3.1
Solution 
Space

3.4

Solution 
Space

3.2
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Make Product-Based, Multi-Disciplinary Decisions

• Complex system definition, design, development, int egration, and 
test requires proper timing and integration of doma in specific 
(specialty) engineering skills to achieve product-b ased decision 
making with an acceptable level of risk.

• Integrated Product Teams (IPTs), when IMPLEMENTED 
PROPERLY with ACCOUNTABILITY to a System Engineerin g and 
Integration Team (SEIT), provide a solution to achi eving 
development success via multi -functional decision making.
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development success via multi -functional decision making.

System Engineering and 
Integration Team (SEIT)

Product A
IPT

Product “n”
IPT

Chief / Project Engineer
Technical Performance

Cost  & Schedule
Performance

Cost & Schedule
Performance
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Manage Solution Space Complexity

• Decompose SOLUTION SPACE 
complexity into manageable levels 
of abstraction and semantics to 
promote common 
communications.

Le
ve

ls
 o

f A
bs

tr
ac

tio
n

System

Products

Subsystems

12
© 2009 by Wasson Strategics, LLC All Rights Reserved
Unauthorized reproduction of this material is prohibited without the expressed, written  permission of Wasson Strategics, LLC or its legal assigns.

Le
ve

ls
 o

f A
bs

tr
ac

tio
n

Assemblies

Subassemblies

Parts

Additional Reading
Bar-Yam, Yaneer, When Systems Engineering Fails --- Toward Complex Systems Engineering, New England 
Complex  Systems Institute, Cambridge, MA.
http://necsi.edu/projects/yaneer/E3-IEEE_final.pdf
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Analyze, Trace, and Manage Specification Requiremen ts 

SYSTEM 
Performance 

or Item 
Development
Specification

User
Source or 

Originating 
Requirements

Requirements
• Allocation
• Flow Down
• Accountability

Requirements
• Allocation
• Flow Down

Requirements
• Verification
• Validation

SE
Process

Decision
Support
• Analyses
• Models

•Simulation
• Prototypes

•Etc.

13
© 2009 by Wasson Strategics, LLC All Rights Reserved
Unauthorized reproduction of this material is prohibited without the expressed, written  permission of Wasson Strategics, LLC or its legal assigns.

Specification

SUBSYSTEM 
Level 

Development
Specification

ASSEMBLY 
Level 

Development
Specification

Formal Change 
Control 

Requirements 
Database

• Flow Down
• Accountability

Requirements
• Allocation
• Flow Down
• Accountability

Requirements
• Verification
• Validation

Requirements
• Verification
• Validation
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Select System Architecture from Viable Candidates

1. Formulate a set of VIABLE candidate architectures .

2. “Down select” to the most PROMISING candidates.

3. Conduct an in -depth Analysis of Alternatives (AoA) 

Based on requirements allocated 
to each level of abstraction to each entity:

Architecture Block Diagram

14
© 2009 by Wasson Strategics, LLC All Rights Reserved
Unauthorized reproduction of this material is prohibited without the expressed, written  permission of Wasson Strategics, LLC or its legal assigns.

3. Conduct an in -depth Analysis of Alternatives (AoA) 
to select the architecture that balances cost, 
schedule, technical performance, and risk exposure.

4. ALLOCATE entity requirements to elements within 
the architecture.

5. “FLOW DOWN” requirements to element 
specifications

6. Repeat 1 – 5 for each lower level element.

Product
A

Product
B

Product
D

Product
C

Operators
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Develop Architecture-Based Specification Trees

System

Product 1 
Spec

Subsystem 

Product “m” 
Spec

Subsystem 

System

Products

Subsystems

Product 
ICD / IDDs

Subsystem 

System
ICD / IDD
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Subsystem 
11 Spec

Subsystem 
“n” Spec

Assembly 
111 Spec

Assembly 
“o” Spec

Assemblies

Subassemblies

Parts

Specification trees must be consistent with the mul ti-level 
System Architecture and its internal / external int erfaces

Subsystem 
ICD / IDDs

Assembly ICD 
/ IDDs
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Perform Model-Based Systems Engineering (MBSE)

• Specification requirements flowed 
down to lower levels is potentially 
misleading …

• … the reality is the “flow down” is an 
artifact of the SE decision process:

– An architecture is selected.
– Requirements are iteratively allocated to 

the elements.
– Performance-based stimulus-response 

System 
Performance 

and Multi-
Level Item 

Development
Specifications

System Capability
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– Performance-based stimulus-response 
behavioral interactions between 
elements are formulated and analyzed.

– Physical component solutions are 
selected from a set of candidates to 
achieve a balance of cost, schedule, 
and technical performance and risk.

• Model-Based SE provides a linkable 
approach for decomposing complex 
problems into manageable solution 
domains – e.g. requirements, 
operational, behavioral, and 
physical.

States / Modes Transition Diagram

Note: Icons are a few symbolic elements of MBSE
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Make Analysis of Alternatives (AoA)-Based Decisions

• Key technical solutions often have to be 
made with consideration to key decision 
factors and criteria that have relative levels 
of significance to the stakeholders and 
system usage.

• The best approach is multi-variant Analysis 
of Alternatives (AoA) that allows objective 
analysis of factual data to the extent 
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analysis of factual data to the extent 
practical and available.

• Examples of AoA application include:
– Architecture selection
– Interface communications
– Physical component selection
– Human-Computer Interface task decisions
– Energy source selection
– Et al

Decision 
Factor #1

Decision 
Factor #”n”

Criterion #1
Weight = X

Criterion #2
Weight = Y

Criterion #_
Weight = Z

Weight = L Weight = M
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Define and Control Interfaces with Discipline

• Interface form , fit , and function COMPATIBILITY and 
INTEROPERABILITY make or break system, product, or service  
success.

• This requires decisions that focus on stimulus-resp onse behaviors 
in INTER- and INTRA-System contexts:

– System External interactions – HUMAN, INDUCED, & NATURAL 
ENVIRONMENTS

– System Internal interactions – e.g. products, subsystems, assemblies, etc.
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– System Internal interactions – e.g. products, subsystems, assemblies, etc.

• Interface definition decisions must be documented, approved, and 
released early to stabilize and mature multi-level d esign decisions:

– System – Interface Requirements Specifications (IRSs)
– Hardware – Interface Control Documents (ICDs)
– Software – Interface Design Descriptions (IDDs)

• Interface definition and documentation responsibili ty should be 
assigned to a team or individual with oversight by an Interface 
Control Working Group (ICWG) 
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Capture Developmental Configuration Baselines

• One of the challenges of SE is maturing and stabili zing the system 
design process at the RIGHT TIME without prematurely shifting from 
engineering control  to formal change management.

• When appropriate, baselines should be captured to f orm the basis for 
maturing and finalizing multi-level design solutions .

Key Baselines include:
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• Key Baselines include:
1. Performance Measurement Baseline (PMB)
2. “As Specified” (Functional) Baseline 
3. “As Allocated” (Allocated) System Baseline
4. “As Designed” System Baseline
5. “As Built” Component Baselines
6. “As Verified” Product Baselines
7. “As Validated” System Baseline
8. “As Maintained” System Baseline
9. “As Produced” (Production) System Baseline
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Track Progress, Performance, and Defect Metrics (1 of 2)

• As the system development efforts progress, SE must  stabilize and 
mature higher level design decisions to enable lowe r level detailed 
design decisions to finalized.

• This requires tracking of 3 categories of informati on
– Progress-Based Accomplishment Metrics
– System Performance Metrics
– Defect Elimination Metrics
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– Defect Elimination Metrics

•• ProgressProgress––based Accomplishments Metricsbased Accomplishments Metrics include metrics that 
indicate resolution of TBDs / TBRs, requirements ID  and analysis, 
productivity, verification and validation (V&V) of requirements, 
requirements stability, et al.
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Track Progress, Performance, and Defect Metrics (2 of 2)

•• System Performance MetricsSystem Performance Metrics include key multi-level Technical 
Performance Measures (TPMs) of Technical Performanc e Parameters 
(TPPs) that characterize and integrate as contributo ry performance 
effecters to the SYSTEM LEVEL:

– Measures of Effectiveness (MOEs)
– Measures of Suitability (MOSs)

• Defect Elimination Metrics include tracking of latent defects such as  
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• Defect Elimination Metrics include tracking of latent defects such as  
misinterpretation of requirements; design, coding, and units of 
measurement errors; accuracy and precision errors; material, 
process, and workmanship problems in work products such as 
plans, specifications, architecture, interfaces, de signs, and test 
cases / procedures used for decision making …

– AND the CORRECTIVE ACTIONs for organizational performance to …
– … IMPROVE PRODUCTIVITY and REDUCE DEFECTS …
– …on the next system development effort.
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Relentlessly Perform System V&V

• Verification and Validation (V&V) continue to be er roneously perceived as 
interchangeable words in most organizations … WRONG!!

• Verification – asks “ Does the system, product, or service work product 
COMPLY with its contract, specification, design, or  task requirements?” 
e.g. Did we BUILD the system or product CORRECTLY?

• Validation – asks “ Does the system, product, or service satisfy the Us er’s 
operational need that motivated the procurement of the item?”  e.g., Did 
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operational need that motivated the procurement of the item?”  e.g., Did 
we ACQUIRE the RIGHT system or product?

1. Does the system have Operational UTILITY for the user?

2. If the system has UTILITY, is it Operationally SUITABLE for its intended 
application?

3. If the system provides Utility and is Suitable, will it be  Operationally EEFFECTIVE
in accomplishing mission objectives - e.g. return on investment (ROI)?

4. If the system has UTILITY, is SUITABLE, and Effective, will it be 
Operationally AVAILABLE on-demand when the User requires immediate action?
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12 Practices Essential to System Development Succes s

1. Understand the User’s Problem Space

2. Make Product – Based, Multi - Disciplined Decisions

3. Manage Solution Space Complexity

4. Analyze, Trace, and Manage Specification Requirem ents

5. Select System Architecture from Viable Candidates

6. Develop Architecture -Based Specification Trees
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6. Develop Architecture -Based Specification Trees

7. Perform Model-Based Systems Engineering (MBSE)

8. Make Analysis of Alternatives (AoA) Decisions

9. Define and Control Interfaces with Discipline

10. Capture Developmental Configuration Baselines

11. Track Progress, Performance, and Defect Tracking   Metrics

12. Relentlessly Perform System Verification & Valid ation (V&V)
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Summary

• In closing, these 12 factors are a partial listing of key contributory 
PERFORMANCE EFFECTERS that make or break system 
development success.

• Ensure that your organization has trained PROGRAM 
MANAGEMENT and ENGINEERING personnel who can: 

– COMPETENTLY perform these practices.
– SCALE these practices to balance programmatic cost, schedule, technical, 

and risk constraints.
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and risk constraints.
– Are committed to the SE plan and UNWILLING to abort mid-stream in favor of 

the endless loop Plug & Chug … Build, Test, Fix methods that are KNOWN to 
be  unscalable for medium to large, complex system development efforts.

• Avoid becoming a victim to the following quotes:

– “The only lesson learned was we didn’t learn our lessons!” – Anonymous

– “Insanity is continuing to do the same thing over and over and expecting a 
different result.” – Dr. Albert Einstein
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Thank You !!

Thank you for inviting me to present at a meeting 
of the INCOSE North Star Chapter

Best wishes to each of you for
System Engineering and 
Development Success!!
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Development Success!!

Charles S. Wasson
November 12, 2009
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Q & A
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