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AbstractAbstractAbstractAbstract

Most cost analysts are familiar with learning curves and manyMost cost analysts are familiar with learning curves and many 
use ACE’s basic learning capabilities in their estimates. 
Many still have questions about ACE’s advanced learning 
capabilities such as Rate adjusted and broken learning andcapabilities, such as Rate adjusted and broken learning, and 
when to use them.

This presentation takes a practical look at learning curves.  It p p g
discusses what learning curves mean, where they come 
from, and explains when and how to use adjusted or 
modified methods (e g broken learning rate adjustedmodified methods (e.g., broken learning, rate adjusted 
learning). When does using a rate term make sense based 
on what is going on in a manufacturing process and how do 

l l t it? Wh t i i t h b kyou calculate it? What scenarios exist where broken 
learning should be used? Come to this presentation to learn 
the answers to these questions and more.
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OutlineOutlineOutlineOutline

What is Learning?g
What do learning curves mean?
Where do they come from?Where do they come from?

Learning with Rate

Other Rate Curve Considerations
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Introduction: What Introduction: What 
is Learning?is Learning?
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IntroductionIntroductionIntroductionIntroduction

Production Start

Early Production 
Peak Efficiency y

A learning curve is a mathematical model (equation) of 
productivity improvement in a manufacturing processproductivity improvement in a manufacturing process.  
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HistoryHistoryHistoryHistory

Introduced in 1936 by T.P. Wright
B d d ti f i l bliBased on production of airplane assemblies

Standard Model: The direct labor man-hours necessary toStandard Model: The direct labor man-hours necessary to 
complete a unit of production will decrease by a constant 
percentage each time the production quantity is doubled
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Unit vs. Cum Unit vs. Cum AvgAvg TheoryTheoryUnit vs. Cum Unit vs. Cum AvgAvg TheoryTheory

Two common theories of learningTwo common theories of learning
Unit - As the total quantity of units doubles, the cost per unit goes 
down by a constant percentage?
Cum Average - As the total quantity of units doubles, the average 
cost for x units goes down by a constant percentage

?

Y = A * x b, where
Y = Unit or Cum Average Cost
A = First Unit Cost (T1)
x = Unit Number 
b = Learning Curve Exponent = ln(Slope)/ln(2)

E l A 5% it t d d t 95% l
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Example: A 5% unit cost decrease corresponds to a 95% slope



Unit vs. Cum Unit vs. Cum AvgAvg TheoryTheoryUnit vs. Cum Unit vs. Cum AvgAvg TheoryTheory

Example 90% unit curve: doubling the unit number leads to a 
10% decrease in the unit cost10% decrease in the unit cost

(10,7.05) (20,6.34)
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Unit Curves & Lot CostsUnit Curves & Lot CostsUnit Curves & Lot CostsUnit Curves & Lot Costs

Unit Cost: Ci = T1 * (i) ^ b
L t C t f it 10 th 20Lot Cost of units 10 thru 20: 

C10 + C11 + … C20

Approximated by area under the curve for large lotsApproximated by area under the curve for large lots
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Where And Why?Where And Why?Where And Why?Where And Why?

Regression model from historical data
Historical cost reporting (e.g., CSDR, CPR) for sequential production lots

Cost reporting by contract
CSDR Report Types

1921: recurring, non-recurring, and total dollars
1921-1: hours and $ visibility by functional category (e.g., manufacturing)
1921-2: Progress Curve; unit-by-unit or lot-by-lot detail

Contractors may have more detailed or “unit” data

Typical Applications
Use earlier lot data to project future lots for a system
Use learning curve from analogous system to estimate new system
More advanced: pooled learning regressionMore advanced: pooled learning regression
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Cost Reports: 1921Cost Reports: 1921Cost Reports: 1921Cost Reports: 1921
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Cost Reports: 1921Cost Reports: 1921--11Cost Reports: 1921Cost Reports: 1921--11
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Cost Reports: 1921Cost Reports: 1921--22Cost Reports: 1921Cost Reports: 1921--22
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Data Sources: DACIMS (DCARC)Data Sources: DACIMS (DCARC)Data Sources: DACIMS (DCARC)Data Sources: DACIMS (DCARC)
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Data Sources: ACDB (ODASAData Sources: ACDB (ODASA--CE)CE)Data Sources: ACDB (ODASAData Sources: ACDB (ODASA--CE)CE)

Select WBS Select Resources Filter Available Data
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Learning Curves in CO$TATLearning Curves in CO$TATLearning Curves in CO$TATLearning Curves in CO$TAT

What would explain this?What would explain this?
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Learning Curves in CO$TATLearning Curves in CO$TATLearning Curves in CO$TATLearning Curves in CO$TAT
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Learning Curves in CO$TATLearning Curves in CO$TATLearning Curves in CO$TATLearning Curves in CO$TAT
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Learning Curves in ACELearning Curves in ACELearning Curves in ACELearning Curves in ACE

CO$TAT
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L i ith R tL i ith R tLearning with RateLearning with Rate
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RateRate--Adjusted LearningAdjusted LearningRateRate--Adjusted LearningAdjusted Learning

Used to capture variations in production rate
Unit costs may decrease more quickly than expected during build-up of 
production line
Unit costs may slightly decrease during peak efficiencyUnit costs may slightly decrease during peak efficiency
Unit costs may increase during ramp-down as number of units being built 
per year decreases

Commonly used for long production lines (many years, high total 
quantities)

Typical for Aircraft and MissilesTypical for Aircraft and Missiles
Rate may dominate learning with vehicles
Others?
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RateRate--Adjusted LearningAdjusted LearningRateRate--Adjusted LearningAdjusted Learning

Typical Model: Y = A * x b * r c, where

Y = Unit or Cum Average CostY = Unit or Cum Average Cost
A = First Unit Cost (assumed rate of 1)
x Unit Numberx = Unit Number 
b = Learning Curve Exponent = ln(Slope)/ln(2)

A l P d ti R tr = Annual Production Rate 
c = Rate Learning Exponent = ln(Rate Slope)/ln(2)

Wh t d “ d t f 1” ?What does “assumed rate of 1” mean?
Set unit number (x) and rate (r) to 1.  
Yields Y=A so the first unit cost A is based on r=1Yields Y=A so the first unit cost A is based on r=1. 

What other options are there for the rate term (r)?  
Why pick annual production rate?
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y p p
Do we actually use “annual production rate”?



RateRate--Adjusted LearningAdjusted LearningRateRate--Adjusted LearningAdjusted Learning

Difficult to fit a Rate Curve with just the early lots
Early in production cycle, learning term dominates

Wh t if j t h d t th fi t l d ti l tWhat if you just have data on the first couple productions lots 
and you want to generate a learning curve to estimate the future 
lots?

Assume a fixed rate slope?
Fit a rate-adjusted curve to data for analogous system (adjust 
heuristically to the data for your system)heuristically to the data for your system)
Pooled Regression

What if you just have data for 1 lot and want to assume learning 
or learning with rate (in ACE)?
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Learning with Rate in CO$TATLearning with Rate in CO$TATLearning with Rate in CO$TATLearning with Rate in CO$TAT

Fitting a 
rate curve

Assume a 
Rate Slope

1/27/2009 Copyright © Tecolote Research, Inc. January 2009 24



Learning with Rate in CO$TATLearning with Rate in CO$TATLearning with Rate in CO$TATLearning with Rate in CO$TAT

*** Low T ***

Multicollinearity is a 
common problem Why?common problem.  Why?
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Learning with Rate in CO$TATLearning with Rate in CO$TATLearning with Rate in CO$TATLearning with Rate in CO$TAT

The Art of Ridge Regression
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Learning with Rate in ACELearning with Rate in ACELearning with Rate in ACELearning with Rate in ACE

Without Ridge Parameter With Ridge Parameter

Ridge Regression “Fixes” 
Significance of Rate Termg
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Other Rate Curve Other Rate Curve 
ConsiderationsConsiderationsConsiderationsConsiderations
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Pooled RegressionPooled RegressionPooled RegressionPooled Regression

Consider developing a composite learning curve across multiple 
tsystems.
Include one or more production lots from different systems.
Introduce one or more technical characteristics to stratify dataIntroduce one or more technical characteristics to stratify data.

Example: UC = (T1 * WGHT b1) * Unit# b2 * Rate b3
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Pooled Regression In CO$TATPooled Regression In CO$TATPooled Regression In CO$TATPooled Regression In CO$TAT
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Pooled Regression In CO$TATPooled Regression In CO$TATPooled Regression In CO$TATPooled Regression In CO$TAT
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RealReal--World WhatWorld What--If If RealReal--World WhatWorld What--If If 

Consider:  What if you have actual cost reporting for a single 
( l ) d ti l t(early) production lot.

Lot Total Cost of Units 5 through 10 is $1000 (say LRIP 1).
You need to use this information to estimate future LRIP and productionsYou need to use this information to estimate future LRIP and productions.
You want to assume (for lack of better information) a 90% unit theory 
learning curve with 95% rate.

What is wrong with this picture?
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RealReal--World WhatWorld What--If If RealReal--World WhatWorld What--If If 

A reference cost on a rate adjusted learning curve has an 
d t f 1assumed rate of 1.  

The given LTC = $1000 is for units 5 – 10; annual rate is 6 units
Need to manually adjust reference cost to rate of 1Need to manually adjust reference cost to rate of 1.
Key fact: The rate exponent = ln(Rate Slope)/ln(2)
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Summary Summary Summary Summary 

Learning curves are commonly used in many cost modeling 
ti itiactivities
Rate adjusted learning is frequently needed to model long 
production runs and the later production lots.p p
To correctly understand and apply learning, you need to consider 
the source… historical data.

ACEIT k i l iACEIT makes using learning easy
ACDB & CO$TAT: access historical data and developing curves
ACE: Easy implementation of learning and learning with rateACE: Easy implementation of learning and learning with rate
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