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2007: The Breakout Year for COSYSMO
• Systems engineering continues to play a critical role in the design 

and operation of large complex systems
• Numerous organizations are identifying systems engineering as 

one of the principal sources of program failure
- GAO cited chronic overspending on large programs as a result of 

poor SE execution
• COSYSMO to the rescue

- Dissertation successfully defended and published – 2005
- Government agencies and contractors are exploring COSYSMO 

implementations
- Commercial and non-commercial implementations of COSYSMO 

have appeared
- 2006 PSM workshop started looking to future

• Risk based estimation defined
• Concept of reuse in size drivers recommended

- LM developed tool extends the capabilities of COSYSMO by 
applying risk-based estimation techniques (COSYSMOR – tool is 
available to all participants)
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Objectives of the Workshop

• Review changes to the model since 2006
• Refine model definitions for key model 

parameters
• Review past lessons learned
• Collect new lessons learned
• Review changes to the User’s Guide
• Refine the COSYSMO Roadmap
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2007: The Breakout Year – Day 1

• Wednesday, July 25
• 1:30 – 3:15 PM (105 minutes)

- COSYSMO and Reuse – (30 minutes)
- COSYSMO Definitions – (40 minutes)
- COSYSMO Risk – (30 minutes)

• 3:15 – 3:30 PM Break
• 3:30 – 5:00 PM (90 minutes)

- User Manual Review (90 minutes)
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2007: The Breakout Year – Day 2

• Thursday, July 26
• 1:30 – 3:15 PM (105 minutes)

- Data Collection Techniques – (60 minutes)
- Data Collection Results – (40 minutes)

• 3:15 – 3:30 PM Break
• 3:30 – 5:00 PM

- Effort Distribution – 60 minutes
- Academic Pursuits; Model Unification; SoS

– (30 minutes)
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COSYSMO and Reuse
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Issue

• System development today typically does 
not start with a “clean” sheet of paper

• However can COSYSMO establish an 
estimate in an environment that involves 
reusing other systems or components?
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Solution Approach

• Modify the definition of the COSYSMO 
Size Drivers to accommodate the concept 
of reuse

• Need to account for deletions within each 
of the size drivers
- Spiral development
- Changes that occur within a single 

lifecycle environment
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Objectives

• Establish a minimum set of categories for each 
size driver (system requirements, system 
interfaces, system algorithms, and system 
operational scenarios) that account for brand 
new, reused, and deleted elements
- Reuse with no modifications
- Reuse with modifications

• Create a set of minimum common-denominator 
definitions for organizations to apply and adapt 
as appropriate to fit their operational needs
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COSYSMO Size Driver Categories

• New: 
- Items that are completely new; items that have not 

existed prior to this event or situation for this system
• Used As-Is: 

- Items that are incorporated unmodified into this system
- Sometimes referred to as Adopted

• Used with Change: 
- Items that are reused or used again, but are tailored for 

this system
- Sometimes referred to as Modified

• Deleted: 
- Items that are removed from a system
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Size Driver Weights – BAE Example
Number of System Requirements

New Used As-Is Used w/ Change Deleted
100.00% 43.37% 64.65% 50.70%

Easy 0.5 0.22 0.32 0.25
Nominal 1 0.43 0.65 0.51
Difficult 5 2.17 3.23 2.54

Number of System Interfaces
New Used As-Is Used w/ Change Deleted

100.00% 43.37% 64.65% 50.70%
Easy 1.1 0.48 0.71 0.56
Nominal 2.8 1.21 1.81 1.42
Difficult 6.3 2.73 4.07 3.19

Number of System Algorithms
New Used As-Is Used w/ Change Deleted

100.00% 43.37% 64.65% 50.70%
Easy 2.2 0.95 1.42 1.12
Nominal 4.1 1.78 2.65 2.08
Difficult 11.5 4.99 7.43 5.83

Number of System Operational Scenarios
New Used As-Is Used w/ Change Deleted

100.00% 43.37% 64.65% 50.70%
Easy 6.2 2.69 4.01 3.14
Nominal 14.4 6.25 9.31 7.30
Difficult 30 13.01 19.40 15.21
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Determining Size Driver Weights – via 
COSYSMOR Tool
• Estimate relative costs for reused, modified, and deleted 

size drivers relative to new.
- The new allocations shown are in COSYSMO and 

were developed as an industry consensus using 
the Delphi process.

• Do this by considering each of the 20 phase/process 
(activity) pairs.

• Each organization should do this, based on their own 
experience.
- They could several such relative cost sets, one for 

each product line.
• The next several charts show example (NOT cast in stone!) 

figures obtained using a capability in the COSYSMOR tool.
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Size Driver Weights – New
COSYSMOR Example

                     Fundamental Process
               Phase Acq & Supply Tech Mgmt Sys Des Prod Real Tech Eval Totals

Conceptualize 1.54% 2.93% 8.00% 1.53% 4.38% 18.38%
Develop 2.80% 5.07% 9.41% 3.53% 6.57% 27.38%
Operational Test & Eval. 1.43% 6.67% 8.00% 7.53% 19.46% 43.09%
Transition To Operation 0.44% 2.00% 2.12% 2.94% 3.65% 11.15%

Totals 6.21% 16.67% 27.54% 15.53% 34.05% 100.00%

Relative Cost Summary

New 100.00%
Used w/Change 78.16%
Used As-Is 54.43%

Deleted 10.72%

Category of Size 
Driver

Cost Relative 
To New
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Size Driver Weights – Used As-Is
COSYSMOR Example

                     Fundamental Process
               Phase Acq & Supply Tech Mgmt Sys Des Prod Real Tech Eval Totals

ConceptualizeReference 1.54% 2.93% 8.00% 1.53% 4.38% 18.38%
Multipliers 100.00% 20.00% 10.00% 50.00% 20.00%
Estimated 1.54% 0.59% 0.80% 0.76% 0.88% 4.57%

Develop Reference 2.80% 5.07% 9.41% 3.53% 6.57% 27.38%
Multipliers 100.00% 20.00% 10.00% 10.00% 100.00%
Estimated 2.80% 1.01% 0.94% 0.35% 6.57% 11.68%

Reference 1.43% 6.67% 8.00% 7.53% 19.46% 43.09%
Multipliers 100.00% 20.00% 10.00% 100.00% 100.00%
Estimated 1.43% 1.33% 0.80% 7.53% 19.46% 30.55%

Reference 0.44% 2.00% 2.12% 2.94% 3.65% 11.15%
Multipliers 100.00% 20.00% 10.00% 100.00% 100.00%
Estimated 0.44% 0.40% 0.21% 2.94% 3.65% 7.64%

Totals 6.21% 3.33% 2.75% 11.59% 30.55% 54.43%
Reused Cost Relative To New 54.43%

Operational 
Test & Eval.

Transition To 
Operation
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Size Driver Weights – Used w/ Change
COSYSMOR Example

                     Fundamental Process
               Phase Acq & Supply Tech Mgmt Sys Des Prod Real Tech Eval Totals

ConceptualizeReference 1.54% 2.93% 8.00% 1.53% 4.38% 18.38%
Multipliers 70.00% 70.00% 70.00% 70.00% 70.00%
Estimated 1.08% 2.05% 5.60% 1.07% 3.06% 12.87%

Develop Reference 2.80% 5.07% 9.41% 3.53% 6.57% 27.38%
Multipliers 80.00% 80.00% 80.00% 80.00% 80.00%
Estimated 2.24% 4.05% 7.53% 2.82% 5.25% 21.90%

Reference 1.43% 6.67% 8.00% 7.53% 19.46% 43.09%
Multipliers 80.00% 80.00% 80.00% 80.00% 80.00%
Estimated 1.14% 5.34% 6.40% 6.03% 15.57% 34.47%

Reference 0.44% 2.00% 2.12% 2.94% 3.65% 11.15%
Multipliers 80.00% 80.00% 80.00% 80.00% 80.00%
Estimated 0.35% 1.60% 1.69% 2.35% 2.92% 8.92%

Totals 4.81% 13.04% 21.23% 12.27% 26.80% 78.16%
Modified Cost Relative To New 78.16%

Operational 
Test & Eval.

Transition To 
Operation
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Size Driver Weights – Deleted
COSYSMOR Example

                     Fundamental Process

               Phase Acq & Supply Tech Mgmt Sys Des Prod Real Tech Eval Totals

ConceptualizeReference 1.54% 2.93% 8.00% 1.53% 4.38% 18.38%
Multipliers 20.00% 20.00% 20.00% 20.00% 20.00%
Estimated 0.31% 0.59% 1.60% 0.31% 0.88% 3.68%

Develop Reference 2.80% 5.07% 9.41% 3.53% 6.57% 27.38%
Multipliers 10.00% 10.00% 10.00% 10.00% 10.00%
Estimated 0.28% 0.51% 0.94% 0.35% 0.66% 2.74%

Reference 1.43% 6.67% 8.00% 7.53% 19.46% 43.09%
Multipliers 10.00% 10.00% 10.00% 10.00% 10.00%
Estimated 0.14% 0.67% 0.80% 0.75% 1.95% 4.31%

Reference 0.44% 2.00% 2.12% 2.94% 3.65% 11.15%
Multipliers 0.00% 0.00% 0.00% 0.00% 0.00%
Estimated 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Totals 0.73% 1.76% 3.34% 1.41% 3.48% 10.72%
Deleted Cost Relative To New 10.72%

Operational 
Test & Eval.

Transition To 
Operation



PSM 17 July 2007

Practical Software and Systems Measurement

COSYSMO Parameter Definitions
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Issue

• During COSYSMO-related deployments since 
PSM 2006, confusion amongst practicing SE’s 
has occurred over important COSYSMO 
definitions
- Size Drivers
- Application Factors
- Team Factors

• There are different interpretations of what is 
“System Level”
- Not all COSYSMO participants are Prime 

Contractors – so what is a “System Requirement”
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Objectives

• Minimize the amount of gray-space 
currently in the definitions
- Size drivers
- Team factors
- Application factors

• Align size driver parameter definitions 
with “reuse” concept

• Establish a set of guidelines for counting 
the size driver elements
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ISO/IEC 15288 Revisited – Definitions

• System
- a combination of interacting elements organized to achieve one or 

more stated purposes
• System-of-Interest

- the system whose life cycle is under consideration in the context 
of this International Standard

• System Element
- a member of a set of elements that constitutes a system

NOTE: A system element is a discrete part of a system that can be 
implemented to fulfill specified requirements

• Enabling System
- a system that complements a system-of-interest during its life 

cycle stages but does not necessarily contribute directly to its
function during operation
NOTE: For example, when a system-of-interest enters the 
production stage, an enabling production system is required.

Source: ISO/IEC 15288.Source: ISO/IEC 15288.
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ISO/IEC 15288 Revisited – System-of-Interest 
Structure (1)

System

System
element

System
element

System
element

is completely composed of

A system

a set of interacting

system elements

Source: ISO/IEC 15288.Source: ISO/IEC 15288.
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ISO/IEC 15288 Revisited – System-of-Interest 
Structure (2)

System
element

System-
of-interest

System
element

System
element

System
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System
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System

System
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element System

System
element

System
element

System
element

Source: ISO/IEC 15288.Source: ISO/IEC 15288.

•The “System-of-Interest” from a 
COSYSMO standpoint can be any of the 
“boxes”

•COSYSMO scope is a single level of 
abstraction (i.e., the single “box”) and not 
the lower levels
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Size Driver Definitions
• Quantify the System Engineering (SE) Effort performed in SE tasks to specify 

following: 

- Requirements: May be functional, performance, feature, or service oriented in nature 
depending on the methodology used for specification. Typically quantified by 
counting the number of unique shalls. 

- Interfaces: The number of shared major physical and logical boundaries between 
system components or functions (internal interfaces) and those external to the system 
(external interfaces). These interfaces typically can be quantified by counting the 
number of external and internal system interfaces among ISO/IEC 15288-defined 
system elements.

- Algorithms: Mathematical algorithms required to compliant with the requirements. The 
number of algorithms can be typically quantified by counting the number of unique 
algorithms needed to realize the requirements. Examples are tracking algorithms like a 
Kalman filter, discrimination filter, etc.

- Scenarios: Operational scenarios that the system must satisfy. Such scenarios 
include both the nominal stimulus-response thread plus all of the off-nominal threads 
resulting from bad or missing data, unavailable processes, network connections, or 
other exception-handling cases. The number of scenarios can be typically quantified 
by counting the number of system test threads packages or unique end-to-end tests 
used to validate the system functionality and performance or by counting the number 
of use cases, including off-nominal extensions, developed as part of the operational 
architecture.

Some work may be involved in decomposing requirements so that they 
may be counted at the appropriate System of Interest

(per ISO/IEC 15288)
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Number of System Requirements – a 
suggested change
• This driver represents the number of requirements for the system-of-interest at 

the system level, which may include derived requirements at the same Level.  
The quantity of requirements includes those related to the effort involved in 
system engineering the system interfaces, system specific algorithms, and 
operational scenarios.  Requirements may be functional, performance, feature, or 
service-oriented in nature depending on the methodology used for specification.  
They may also be defined by the customer or contractor.  Each requirement must 
have systems engineering effort associated with it such as V&V, functional 
decomposition, functional allocation, etc.  System requirements can typically be 
quantified by counting the number of applicable “shalls” in the system or 
marketing specification.

- Complex to implement or 
engineer

- Moderately difficult to implement - Simple to implement

- High degree of requirements 
overlap

- Some overlap- Little requirements overlap

- Hard to trace to source- Can be traced to source with 
some effort

- Traceable to source

DifficultNominalEasy
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Number of System Interfaces – a suggested 
change
• This driver represents the number of shared physical and logical

boundaries between system components or functions (internal interfaces) 
and those external to the system (external interfaces). These interfaces 
typically can be quantified by counting the number of external and 
internal system interfaces among ISO/IEC 15288-defined system 
elements

- Complex protocol(s)- Moderate complexity- Simple 

- Poorly behaved- Predictable behavior- Well behaved

- Low consensus- Moderate consensus- Strong consensus

- Highly coupled- Loosely coupled- Uncoupled

DifficultNominalEasy
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Number of System-Specific Algorithms – a 
suggested change
• This driver represents the number of mathematical algorithms to be 

derived in order to achieve the system functional and performance 
requirements. As an example, this could include a complex aircraft 
tracking algorithm like a Kalman Filter being derived using existing 
experience as the basis for the all aspect search function. Another 
example could be a discrimination algorithm being derived to identify 
friend or foe function in space-based applications. The number can be 
quantified by counting the number of unique algorithms needed to
realize the requirements specified in the system specification or mode 
description document.

- Simulation and modeling 
involved

- Some modeling involved- Adaptation of library-based 
solution

- Dynamic, with timing and 
uncertainty issues

- Timing a constraint- Timing not an issue

- Noisy, ill-conditioned data- Relational data- Simple data

- Recursive in structure 
with distributed control

- Nested structure with decision 
logic

- Straightforward structure

- Complex constrained 
optimization; pattern 
recognition

- Straight forward calculus-Algebraic

DifficultNominalEasy
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Number of Operational Scenarios – a suggested 
change

• This driver represents the number of operational scenarios that a system must 
satisfy in order to accomplish its intended mission. An operational scenario must 
be end-to-end and triggered by an operational event. Such scenarios include 
both the nominal stimulus-response thread plus all of the off-nominal threads 
resulting from bad or missing data, unavailable processes, or other exceptional 
conditions.  The number of scenarios can typically be quantified by counting the 
number of use cases or operational modes captured in the user manual, 
including off-nominal extensions, developed as part of the operational 
architecture.

- Many or very complex off-
nominal threads

- Moderate number or complexity of 
off-nominal threads

- Few, simple off-nominal threads

- Tight timelines through scenario 
network

- Timelines a constraint- Timelines not an issue

- Tightly coupled or many 
dependencies/conflicting 
requirements

- Moderately coupled- Loosely coupled

- Ill defined- Loosely defined- Well defined

DifficultNominalEasy
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Requirement Counting Rules

• Determine the System of Interest.
- How does it fit into the big picture?

• Decompose system objectives, capabilities, or measures of effectiveness 
into requirements that can be tested, verified, or designed.

- Level to which the system will be designed and tested - per MIL-STD-
490A 1985 TYPE “A”. System/Segment Specification

• Provide a graphical or narrative representation of the system of interest and 
how it relates to the rest of the system.

- Used to characterize level of requirements included
• Count the number of requirements in the system/ marketing specification or 

the verification test matrix for the level of design in which Systems 
Engineering is taking place in the desired system of interest.

- “A” Spec. Level
- Only include those requirements managed by SE – not HW or SW

• Determine the volatility, complexity, and reuse of requirements.
- Easy, Nominal, or Difficult
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Interface Counting Rules

• Focus on technical interfaces only.
- Do not include organizational interfaces

• Identify the interfaces that involve Systems Engineering for your system of 
interest.

• Determine the number of unique interface types.
- Only count number of interface types – not every interface.

• Focus on the logical aspects of the interface.
- Focus on functions (e.g. protocols or timing requirements) opposed to # 

wires.
• Determine complexity of each interface.

- Bidirectional interfaces only count as 1 interface.
- Not a count of physical wires.

• Count of conceptual formats. E.g. e-mail, imagery, USMTF, ADatP-3, Link 11, 
Link 16, etc. 

- Do not count the number of messages in each format. This should be 
accounted for elsewhere (e.g. requirements)

- Interfaces to different users with different formats should be counted 
separately.

- Same format & content supported on multiple interfaces are only counted as 
one.

• Count Internal (between Products within the system) as well as External 
Interfaces (at system boundary)
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Algorithm Counting Guidelines
The following table identifies the sources for algorithms 

(Entities), along with the corresponding Attributes that can be 
used to estimate the number of algorithms.

Technical notesConfiguration baseline

AlgorithmsSubsystem description 
documents

AlgorithmsSystem specification
Algorithm related risksRisk analysis
AlgorithmsMode description document

# of functions that relate to 
algorithms

Functional block diagram
# of algorithmsHistorical database

AttributesEntities
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Operational Scenario Counting Rules

• Operational Scenarios include both the nominal 
stimulus-response thread and all the off-nominal 
threads resulting from bad or missing data, 
unavailable processes, network connections, or 
other exception handling cases.

• Typically quantified by:
- A.  Counting the number of system test thread 

packages or unique end-to-end tests, or
- B.  Counting the number of Use Cases, including 

off-nominal extensions
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Complexity

Requirements Easy Nominal Difficult

Specification - Simple to implement - Familiar - COMPLEX to implement or engineer

Traceability - Traceable to source
- Can be traced to source with some 
effort - Hard to trace to source

Overlap - Little requirements overlap - some overlap - High degree of requirements overlap

Interfaces Easy Nominal Difficult
Complexity - Simple message - Moderate complexity - COMPLEX protocol(s)
Coupling - Uncoupled - Loosely coupled - Highly coupled
Consensus - Strong consensus - Moderate consensus - Low consensus
Behavior - Well behaved - Predictable behavior - Poorly behaved

Algorithms Easy Nominal Difficult

Complexity - Algebraic - Straight forward calculus
- Complex constrained optimization; 
pattern recognition

Structure - Straightforward structure - Nested structure with decision logic
- Recursive in structure with distributed 
control

Database - Simple data - Relational data - Noisy, ill-conditioned data

Timelines - Timing not an issue - Timing a constraint
- Dynamic, with Timing and uncertainty 
issues

Modeling - Adaptation of library-based solution - some modeling involved - Simulation and modeling involved

Scenarios Easy Nominal Difficult
Definition - Well Defined - Loosely Defined - Ill Defined

Coupling - Loosely Coupled - Moderately Coupled
- Tightly coupled or many dependencies / 
conflicting requirements

Timelines - Timelines not an issue - Timelines a constraint - Tight timelines through scenario network

Complexity - Few, simple off-nominal threads
- Moderate number of complex off-
nominal threads - Many or very complex off-nominal threads
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Counting Overlaps 

• Interfaces vs. Requirements: 
- Do not count ‘Requirements’ associated with 

Interfaces as Requirements – they are 
already covered under number of Interfaces

• Scenarios vs. Requirements
- Do not count ‘Requirements’ for different 

Scenarios and/or Use Cases as 
Requirements – they are covered by the 
number of Scenarios
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COSYSMO and Risk
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Issue

• How do we account for risk when 
establishing an estimate using COSYSMO
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Solution Approach

• Develop a COSYSMO-based tool that 
incorporates risk into the estimation process

• Next  - a presentation from Lockheed-Martin that 
describes an application of COSYSMOR - a tool 
that extends the capabilities of COSYSMO using 
risk-based estimation techniques

• Copies of the tool will be available to all 
workshop participants via the PSM 2007 Website
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COSYSMOR Presentation

Reggie Cole
Lockheed-Martin
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COSYSMO User Manual Review
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COSYSMO User Manual Review
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Data Collection Techniques
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Data Collection
• 2 categories of data collection

- Historical – programs that have completed
- In-Process – programs that are in a state of execution

• 4 types of data collection for each category
- Labor effort
- Size
- Effort multipliers

• Application factors
• Application team factors

- Program characterization
• Customer
• Contract type
• System type – IS, C3I, Weapon, Aircraft, Tank
• Development type – SW intensive, HW intensive, …
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Data Collection Techniques - General
• Become good friends with

- Lead SE
- Program Manager
- Process, finance, and proposal personnel –

influence structure of future WBS’s in order 
quicken automated approach for labor collection 
into COSYSMO environment

• May require numerous interviews and analysis 
presentations with above

• Prepare a report at the conclusion of your data 
collection effort – strong Level 5 behavior
- Produces good objective evidence for ISO and 

CMMI assessments
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Data Collection Techniques – Labor 
Effort Data
• Create a mapping of program WBS to the COSYSMO WBS
• Distribute collected labor data based on this mapping
• Compare distribution percentage amongst the COSYSMO labor 

buckets with the typical program percentages for these buckets
- Want to avoid this scenario – a program with 500 System level with 

an expansion ratio of 1:8 to the next lower level that has 1% of total 
SE effort allocated to the Requirements Definition and Validation 
bucket

• Perform a “Deep-Dive” by name allocation as the last resort
• Remember to collect labor for all SE function regardless of the home 

organization of the personnel performing the SE function
- SE functions are not performed by only personnel from an SE 

organization or having SE in their title
- SW and HW personnel perform many SE functions

• Collect data based on all levels of system abstraction in which you 
are involved
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Data Collection Techniques – Size Data

• Review the Counting Rules again
• Remember to count all size drivers at the same 

level of interest (i.e., your “A” spec)
- One organization’s “A” Spec is another 

organization’s “B”-spec
• Your “A”-spec may have been a “B”-spec from the 

next higher level
• Your “system” maybe another’s subsystem

- Count all other levels (“B” spec, “C” spec, …) to 
provide you an understanding of the relative 
amount of SE effort performed

- Helps with analysis of labor effort data
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Data Collection Techniques –Effort 
Multiplier Data
• For historical collections, this can be 

tough
- Using opinions at conclusion of program 

• For long programs, attempt to estimate 
what the values would be about mid-term 
of the program
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Data Collection Results and 
Lessons Learned
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Data Collection Results
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Data Collection Lessons Learned
• Data collection will take much longer than anticipated
• Data from labor effort for historical programs will not match 

the WBS for COSYSMO
• Consistent labor effort data collection will require a 

consistent application of Level 5 behaviors
- Do not wait; Do it now
- Is automated collection a realistic goal?

• Labor effort data must be for effort performed in the 
execution of SE tasks regardless of the home organization 
of the personnel performing the tasks

• Your System of Interest becomes the “A-Spec”
- Collect data at the “A-Spec,” B-Spec,” and “C-Spec”

levels in order to understand magnitude of SE effort 
applied
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Effort Distribution
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Effort Distribution
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Other ……

Academic Pursuits
Model Unification

SoS
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Summary
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Conclusions, Recommendations,
and Results  
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Next Steps/Action Items

• Start working on a System of System 
refinement of the COSYSMO model
- Investigate what additional drivers and 

parameters are needed
• Investigate model modifications to 

accommodate execution of partial 
lifecycles and/or partial sets of tasks 
within a lifecycle


