
QSM Research: Understanding the Physics 
of Software Projects

Topics to include:
How to Develop a Data-driven Estimation Model
Small Teams Deliver Lower Cost & Higher quality

History is the key to Estimation Success



Presentation Agenda
• About QSM
• How it all began

• Review Larry Putnam, Sr.’s original research & data

• Does the initial research stand the test of time?
• Follow up with new data
• Regularly published research almanacs

• Does current agile data exhibit similar behavior?
• Summary



Quick Facts

• Industry Leadership
• Established in 1978 by Larry Putnam, Sr., a pioneer, and renowned thought leader in the software 

estimation field
• Headquartered in McLean, VA, with affiliate offices in Europe and across the U.S.

• Industry Leading Tools and World’s Largest Database
• 13,000+ completed projects providing deep insights into fundamental relationships at play in software 

and systems development
• Industry- leading SLIM® modeling tools enabled by proven parametric algorithms

• 40 Years of Proven Field Success
• Experience working with thousands of clients in every industry and sector
• Measurable impact on hundreds of consulting engagements
• Experts at helping customers build their own internal estimation capacity
• $30M+ in product R&D investment guided by client needs and input over the years



Our Founder – Lawrence H. Putnam, Sr.
• Started out as a career army officer

• Engineering degree USMA West Point 1952
• Advanced Physics degree Naval Postgraduate School
• Took Fortran programming to do nuclear calculations
• Selected to run the Army’s IT budgeting operation at the Pentagon (because of 

Fortran programming expertise)
• Lost $10 million at first congressional budget hearing
• Decided better solutions were needed to manage software projects

• Retired from Army and started QSM in 1978
• Created the Software Lifecycle Model (SLIM)
• Expanded into a suite of tools over time

• Retired from QSM in 2007
• Passed away July 26th 2021
• Discovered some of his original research cleaning out his home office



• Time Frame 1975
• SIDPERS $10 Million Budget Loss
• Discovery of Norden-Rayleigh Equation

• Peter Norden – IBM Poughkeepsie Lab
• Chapter on Managing R&D Projects

• Research to Discover the Rayleigh Parameters (Time and Effort)

Software Equation Background

Who had some data and what did it look like?



SIDPERS Budget Data

This is the project 
that lost Larry Sr. 
$10 Million out of 
the US Army’s data 
processing budget.



Original Data Set  Larry Had to Work With

The Original Army Data Set (19 
Good projects)

1. Homogenous Data Set

Same organization

Same application type

Same tooling

Complete data (size-time-effort)

Man was I LUCKY !



Relationships Between Size, Time & Effort

These are possible 
equations that would 
have to intersect 
(any 2) to provide 
the parameters for 
time and effort (K 
and td)

(X1,X2,X3 are Size Metrics)



Evaluating Early Software Equations

Matrix math to solve 
simultaneous equations

5 equations relating the 
number of reports and 
application programs to 
time and effort….the 
parameters needed to 
generate the Rayleigh 
staffing model

Goodness of Fit



Graphical Curve Fitting and Some of the 
Equations We Still Use Today

Mathematical solution
of all 7 equations

Software Equation
Early Version

Manpower
Buildup Index



Schedule Milestone Determination

Milestone determination 
based on the average of 
these 5 Army Systems



The Putnam-Norden Rayleigh Model
End Product Estimate (Schedule, Effort and Milestones)



Key Thoughts

• Rayleigh Model is an excellent model of human design processes
• Software equation captures the time effort trade-off relationship
• The algorithms have withstood the test of time 
• This suggests we must be close to the fundamental behavior of 

software development
• How humans solve complicated design problems
• Can be applied to other domains that exhibit similar behavior

• Hardware, firmware, infrastructure, etc.



In Software (Design Processes) Everything is 
Non-linear

• Schedule & effort as a function of size
• As the size and scope changes there is a non-linear change in the schedule 

and effort required to develop it

• Time effort trade-off
• Models human communication complexity

• Exponential increase in unique communication paths as we add people

Functionality

Efficiency
= Effort  x Time
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Software’s Non-linear Behavior with Respect to 
Size

QSM Mixed Application Data Base

Effective Source Lines of Code
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Time/Effort Trade-Off & Constraints

Time 
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Curve represents the full 
range of alternative 
Time/Effort combinations.  
Constraints limit solutions to 
the possible region
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Effort1/3 * Duration4/3 = Size 
Productivity 



A Macro Software Project Measurement and 
Estimation Model

Functionality

Efficiency (PI)
= Effort  x Time
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Functionality

Efficiency (PI) = Effort  x Timex y

Estimation Form:

Measurement/Calibration Form:



The Software Equation Supports Effective 
Negotiation
• Fixed Budget

• Exploit trade-off – smaller team, take 
more time

• Descope to fit budget
• Fixed Duration

• Exploit trade-off – larger team, 
compress time

• Descope to fit budget
• Fixed Budget and Duration

• Descope to fit budget & duration
• Fixed Scope

• Negotiate required schedule & 
budget

Estimation Form:



Confirmation with RADC Data
• Additional data became available from the Rome 

Air Development Center
• Larger sample of data (180 projects) spanning 

multiple organizations
• More diverse application complexity

• Included Business/IT, Engineering & Realtime systems
• Data covered a larger size range with multiple 

languages

• Similar Behavior Exhibited
• Non-linear change in schedule & effort as a function 

of size/scope
• Non-linear schedule/effort trade-off of different 



Do These Trends Stand the Test of Time 
• QSM continues to collect industry data and revalidate the trade-off 

relationships
• We regularly publish new research in the form of QSM Software Almanac

• http://www.qsm.com/resources/research/qsm-almanacs

• Work with clients to incorporate their own data
• Custom sizing models
• Productivity calibration
• Methodologies used

• Phase tuning
• Staff loading
• Skill allocations

http://www.qsm.com/resources/research/qsm-almanacs


Revalidated the Trade-Off Relationship in 
the Mid-1990’s

• “Haste Makes Waste” article
• http://www.qsm.com/risk_02.html

http://www.qsm.com/risk_02.html


Revalidated the Trade-0ff Relationship in 
the Mid-2000’s
• 2006 QSM Almanac

• http://www.qsm.com/resources/research/qsm-almanacs

http://www.qsm.com/resources/research/qsm-almanacs


Revalidated the Trade-Off Relationship 
in 2017
• 2017 QSM Almanac

• http://www.qsm.com/resources/research/qsm-almanacs

http://www.qsm.com/resources/research/qsm-almanacs


Phase 3 Data No Trends
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Projects being Assessed

Do We See a Similar Pattern in Current Agile 
Data?
• Created two datasets with 

overlapping size data
• Overall Sample

• Avg staff median 5.36, mean 9.33
• Size 100 IU and 953k IU
• Number of projects - 436

• Large Team
• Avg staff >= 9 people
• Size >=1k IU and <= 200k IU
• Number of projects - 119

• Small Team
• Avg staff <= 4 people
• Size >=1k IU and <= 200k IU
• Number of projects - 129



Trade-Off Relationship with Agile Data



Effort Trade-Off Relationship with 
Agile Data

On average 4-8 times more effort 
expended by large teams for the 
same amount of functionality than 
the small team approach



Schedule Trade-Off Relationship with 
Agile Data

A month or less difference in 
schedule between large and small 
team data sets



Defect Trade-Off Relationship with Agile 
Data

3-4 times as many defects 
created by large teams than 
small team projects



Trends in Modern Development Methods

Modern agile & lean development methods seem to embrace these 
principles exploiting these positive economic trends - Finally!
• There is an emphasis on using small cross function teams
• Constant review and re-prioritization of functional content

• Puts emphasis on size measurement (epics, user stories & story points)
• Recognizes that change is inevitable (constantly grooming the backlog)
• Emphasis on concept of “content must add value”

• Deliberately plan for short cycle times and strive for continuous 
delivery

• Recognize that there is some minimum value that the customer will accept
• Minimum Marketable Features (MMF) or Minimum Viable Product (MVP)



Trends in Team Size

• From the Scrum Guide Today • From QSM Research in 1997



Two Pizza Rule

• Developed by Jeff Bezos to 
keep meetings more 
productive

• The science behind it matches 
what we see in the software 
data

• As we add people to the team 
we exponentially increase 
potential communication 
paths

Sweet Spot!



Trends in Project Size

QSM DB

General trend is that size has been 
declining over time.  Early on this 
may have been more due to more 
powerful languages and 
technology.

More recently we believe this size 
reduction is more driven by reuse 
and a conscious effort to keep 
project size as small as possible.

Average Effective IU
 (thousands)

Average Project Size Over Time



Summary

• Larry’s original research and estimating models are as relevant today 
as they were close to 40 years ago

• They have been adapted and improved to make them applicable to 
modern development practices and methodologies

• More configuration and fundamental changes to the model

• Current agile data shows very similar non-linear behavior
• Current agile development methodologies seem to be exploiting 

these behaviors
• Promotes small cross functional teams
• Promotes keeping scope as small as possible to fit short iterations



Questions

Please feel free to contact me with any questions.  Thank You!
Lawrence Putnam Jr
Co-CEO
QSM, Inc.
larry.Putnam.jr@qsm.com
703-749-3818
www.qsm.com

https://www.linkedin.com/in/lawrence-putnam-jr-098292a/

LinkedIn:

mailto:larry.Putnam.jr@qsm.com
https://www.linkedin.com/in/lawrence-putnam-jr-098292a/

	QSM Research: Understanding the Physics of Software Projects
	Presentation Agenda
	Quick Facts
	Our Founder – Lawrence H. Putnam, Sr.
	Software Equation Background
	SIDPERS Budget Data
	Original Data Set  Larry Had to Work With
	Relationships Between Size, Time & Effort
	Evaluating Early Software Equations
	Graphical Curve Fitting and Some of the Equations We Still Use Today
	Schedule Milestone Determination
	The Putnam-Norden Rayleigh Model
	Key Thoughts
	In Software (Design Processes) Everything is Non-linear
	Software’s Non-linear Behavior with Respect to Size
	Time/Effort Trade-Off & Constraints
	A Macro Software Project Measurement and Estimation Model
	The Software Equation Supports Effective Negotiation
	Confirmation with RADC Data
	Do These Trends Stand the Test of Time 
	Revalidated the Trade-Off Relationship in �the Mid-1990’s
	Revalidated the Trade-0ff Relationship in �the Mid-2000’s
	Revalidated the Trade-Off Relationship �in 2017
	Do We See a Similar Pattern in Current Agile Data?
	Trade-Off Relationship with Agile Data
	Effort Trade-Off Relationship with �Agile Data
	Schedule Trade-Off Relationship with �Agile Data
	Defect Trade-Off Relationship with Agile �Data
	Trends in Modern Development Methods
	Trends in Team Size
	Two Pizza Rule
	Trends in Project Size
	Summary
	Questions

