




















 
 

   

  
  
  
  

 
 

 

 

 

 

 

 

 

 

 

 

 

Long Description 

List of Analogy Estimate advantages which include: 

• Requirements (Positive) 
• Fast (Positive) 
• Cost (Positive) 
• Risk (Negative) 



CLB023 So ftwar e Cost Estimating 

Lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Paramet r ic vs. An8logy - Paramet r ic Methodology 

The Parametric technique is the most c ommonly used and 
most important for software estimation. 

Sometimes called "statistical,N parametric applies 

regression analysis to a database of several similar 

sys terns to develop cos t es timating rei a tionships ( CERs). 


CERs are equations tha t estimate the value o f the 

dependen t variable (cost or e ffort) based on the values 

o f independen t variables, or inpu t parameters, such as 

software size. 


Prime candida tes for these parameters are those program 

characteristics that capture the cost drivers (Size, 

Complexity, Capabili ty) . 


When a sofl\vare CER is applied, i t is important to know 

which activities are included in the predicted effort and 

which must be estimated separately. 
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Popup Text 

Parametric Cost Estimate 

A cost estimating methodology using statistical relationships between historical costs and other program 
variables such as system physical or performance characteristics, contractor output measures, or 
manpower loading. 



CLB023 So ftwar e Cost Estimating 

Lesson 3 - Step 3: Develop Estimate Methodology TOC I RESOURCES I PR INT I HELP 

Parametr ic vs. An8logy - Paramet r ic Advantages 

The parametric method has many adv antages over 
other estimating methods. 

Because CERs are based upon more than a single 

da ta point, estimating by parametrics is less risky 

than estimating by analogy, and it also quantifies 

the uncertain ty in the CER, which can then be fed 

in to the cos t risk analysis. Parametric Estimate 
Statistical signi ficance allows us to be confident in IIJ Reduced Risk 
the cos t -driving parameters we are using. 

I±JQuantified UncertaintyThe primary challenge in implementing the 

parametric approach is creating and main taining the 

supporting normalized database of historical G Normalization 

programs. 


Q 
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Long Description 

List of Parametric Estimate advantages which include: 

• Reduced Risk (Positive) 
• Quantified Uncertainty (Positive) 
• Normalization (Negative) 



CLB023 Software Cost Estimating 

lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Paramet ric vs. Analogy - Application 

Whether applying the analogy or the parametric cost estimating technique, i t is impor tan t to properly 
struc ture and test the estimate. 

Using the Work Breakdown Struc ture (WBS) to decompose the system and applying the appropriate 
costing techniques, the estimator should begin developing estimates for each o f the cost elemen ts . Keep 
in mind that a software estimate is usually par t o f a larger estimate. 

"Testing" the estimate may include cross-checking the results with historical data from similar 
programs/ systems; applying a differen t estimating methodology; and applying a differen t cost model. The 
estimate can also be compared to industry rules o f thumb or benchmarks. 
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Lesson 3 - Step 3: Develop Estimate Methodology TOC I RESOURCES I PR INT I HELP 

Other Methodologies - Engineer ing Build- Up 

Because software is intangible, Engineering Build-Uo is 

not really applicable in the same way i t is implemented 

for hardware in a manufacturing environment. 


Perhaps the closest equivalent is Func tion Point 

counting, which requires a detailed design similar to 

o ther build-up methods, but there are no corresponding 

labor standards for " building" the code to implement 

each func tion poin t . 


Similarly, there is some affini ty with produc tivity -based 

methods, though there would have to be a 

decomposition to the CSU level with specific 

productivi t ies at that level for the comparison not to 

be strained. 
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Popup Text 

Engineering Build-Up 

Derived by summing detailed cost estimates of the individual work packages and adding appropriate 
burdens. Usually determined by a contractor’s industrial engineers, price analysts, and cost accountants. 
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Lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Other Methodologies - Actual Costs 

The Actual Costs technique extrapolat es future estimated costs from actual costs, similar to analogy but 

based on data from the same program. 


It is often called "Extrapolation" or " Extraoolation from Actyals." There are three varian ts : average, learning 
curve and estimate at comple tion. Selec t each tab below to read more . 

-- Learning Curve Est imat e At Compl etio n 

One varian t is j~1s t to use an average. In the ProRad 

example, i f all waveforms were created equal, and the 

first ten were comple te, we could simply es timate the 

per- waveform cost of the remaining 2 1 as an average 

of those first ten. 
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Popup Text 

Extrapolation from Actual Costs 

Extrapolation method requires prototype or preproduction actual cost data on the system considered. 
Primarily used in estimating the production cost of system hardware, and assumes a relationship 
(technical, performance) between cost of prototypes and production units. 

Average 

One variant is just to use an average. In the ProRad example, if all waveforms were created equal, and 
the first ten were complete, we could simply estimate the per-waveform cost of the remaining 21 as an 
average of those first ten. 

Learning Curve 

The second variant is learning curve, which applies only to recurring production and therefore is not 
germane to software. 

Estimate At Completion 

The third, and most applicable, is the Estimate At Completion (EAC) generated when conducting earned 
value management (EVM) on an in-process development effort. 

Estimate At Completion (EAC) 

Actual direct costs, plus indirect costs or costs allocable to the contract, plus the estimate of costs (direct 
and indirect) for authorized work remaining. 



CLB023 Software Cost Estimating 

lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Other Methodologies - Actuals Cost, Cont. 

Ac tuals is generally considered a high - fideli ty technique for more concre te i tems such as hardware, since 
i t uses the latest data from the program i tsel f. Its application to so f tware is a challenge because i t is 
in tangible, process- in tensive, and there are o f ten no definable end i tems un til the developmen t is 
comple te . T his is a more acu te case and o f the primary concern wi th EVM EACs in general, that 
performance on work to date may no t be indicative o f performance on the remaining work. 

For example, i f the developmen t team performed only a cursory design e ffor t and " declared v ic tory, " their 
earned value me trics may look qui te good heading in to coding, bu t problems may arise later in testing . 

T his concern is mit igated i f the organization has an established track record o f how EACs change over 
t ime throughou t similar developmen t e ffor ts . I f the Ac tuals me thod is used, the application o f statistical 
analysis beyond the standard OAU Gold Card formulae is encouraged.I f success ful, the same bene fi ts can 
resul t as in tradi t ional regression -based CERs. 

Finally, since Ac tuals requires the developmen t e ffor t to be signi fican t ly underway, i t canno t be used 
be forehand for de termining budge ts . Selec t the images below to v iew the DAU Gold Card . 

·-=- =:::.=: ::::::::::=::--··-· - ··-­-· ·---· ­·-·--·----- ­
-··-·-- ­.::..: ::::: ::: ~~-
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CLB023 So ftwar e Cost Estimating 

Lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Cost Estimating Relationships ( CERs) 

The primary ~ of interest are those that estimate the " core" software dev elopment activities, ideally 
requirements through software test . As previously noted, this requires a historical database of software 
programs where the effort has been normalized to the same set of ac tivities, and size expressed in a 
common measure such as ESLOC. Other factors that affect effort may be handled in one of several ways : 

If differen t CSCis were coded in different languages, 

for example, the ESLOC o f one could be adjusted so 

that i t re flec ts an equivalent effort in the o ther 

language. 


Note tha t such a conversion fac tor may be difficult to 
determine empirically . 

It is generally preferred to develop your own CERs, bu t CERs 

validated by industry sources or funded by the government, such 

as the service cos t centers or federally - funded research and 

development corporations (FFRDCs) like Rand and MITRE are also 

available. 
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Popup Text
 

Cost Estimating Relationship (CER)
 

A mathematical relationship that defines cost as a function of one or more parameters such as 
performance, operating characteristics, physical characteristics, etc. 

Normalization 

If different CSCIs were coded in different languages, for example, the ESLOC of one could be adjusted so 
that it reflects an equivalent effort in the other language. 

Note that such a conversion factor may be difficult to determine empirically. 

Additional Variables 

Additional explanatory variables usually referred to as independent variables, can be introduced, such as 
average years of experience of the development team. 

It is desired that such variables prove to be statistically significant. 

Segregation 

Data sets may be separated and distinct CERs run on each. 

For example, if Ground Systems and Aircraft have fundamentally different software productivities, each 
could have its own CER. 

In this case, the analyst is trading off more data points (degrees of freedom) and gaining (presumably) 
“tighter” sets in return. 



 

 
 

 
 

    
   

 
 

 
  

  
 

 

 

 

 

 

 

 

 

 

Popup Text 

Indicator Variables 

In this “have-your-cake-and-eat-it-too” approach, the data set remains undivided, maintaining the 
advantage of a high number of degrees of freedom, but an indicator variable is added to account for the 
difference in the two populations, either as an adder (for additive CERs) or a factor (for multiplicative 
CERs). 

This is generally preferable to segregation, though if the two populations are not statistically distinct 
enough, a simple combined CER with no indicator variable may prove to be superior. 
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Lesson 3 - Step 3: Develop Estimate Methodology 	 TOC I RESOURCES I PR INT I HELP 

Cost Estimating Relationships ( CERs) - COCOMO II CER 

The COnstructive COst MOdel {COCOMO®) is used 

for estimating cost, effort, and schedule when 

planning a new software dev elopment activity. 


COCOMO is an academic (not commercial), publicly­

available model, and i ts CERs are open for 

inspec tion, avoiding the " black box• objec tion to 

commercial models. 


The original COCOMO model was first published in 

1981 and subsequently updated as COCOMO II to 

reflec t changes in the so ftware development 

process, including: 


• 	 Increases in desktop processing 

• 	 Code reuse 

• 	 Management of the software dev elopment 

effort 
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Popup Text
 

COnstructive COst MOdel (COCOMO®)
 

The second generation of estimating models put out by Barry Boehm and others based on their work at 
the University of Southern California (USC). 



CLB023 So ftwar e Cost Estimating 

Lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Cost Estimating Relationships ( CERs) - COCOMO II CER, Cont. 

The graphic illustrates a simplified v ersion of the primary COCOMO II CER, w ith factors accounting for 

Complexity and Capability set to nominal values. There is a single cost-driving parameter, Size, which is 

expressed in KSLOC. 


The exponent of 1.1, being slightly greater than one, indicates modest diseconomies of scale, so that 

effort increases at an increasing rate as size growth. The dependent variable is effort, expressed in 

person-months {PM). 


Cost DrivingDependent 
Greater than 1.0 indicatesParameterVariable (Effort) 

(KSLOC) diseconomies of scale
(Person-months) y\ 

PM - 2.94 ·5ize1
·
1 

Q 
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Long Description 

Labeled graphic of primary COCOMO II CER. The primary CER is PM = 2.94 * Size to the 1.1. PM labeled 
Dependent Variable (Effort) (Person-months); Size is labeled Cost Driving Parameter (KSLOC) and 
exponent 1.1 is labeled Greater than 1.0 indicates diseconomies of scale. 
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lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Cost Estimating Relationships ( CERs) - Response to Size 

This graph shows the behavior o f cost (e ffor t ) as a func tion o f size. As expec ted, e ffor t increases as 
size increases. In many cases, the response is approximately linear, but this can change markedly 
depending on fac tors such as how well the projec t is managed. 

As previously described, when Diseconomies o f Scale are present, the exponen t on size is greater than 
one, and the graph curves upward (second derivative posit ive !), whereas when Economies o f Scale are 
present, the exponen t is less than one and the graph curves downward (second derivative negative ) . 

Again, experience has shown that most projec ts are prone to diseconomies o f scale, so be wary o f any 
so ftware estimate that does no t include them. 
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Lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Time-Phasing 

In conjunction with estimating the effort ( total labor 

hours or person-months) and the schedule (calendar 

days or months), it is generally good practice to 

spread or " time-phase" the effort across the schedule. 


Initially, a broad-brush, top- level approach will 

suffice, in support o f annual program budgets . For 
 ,.
contrac t execution, a more detailed, bottom-up 

approach is desired to produce a month-by -month 

allocation. I 


Two key cross-checks for time-phasing are average ,, .,
staffing and peak staffing, both usually expressed in 

full- time equivalents (FTE) . 


If effort and schedule estimates are already in person­ " 

months (calibrated to the appropriate standard hours 

per month) and calendar months, respec liv ely , then 

the quotient of the two should be the average staffing 

in FTE. The peak staffing is dependent upon the time­

phasing and is often significantly higher than the ­
averag e. -­ -0" 
Can they hire that many qualified developers (peak)? 

Can they main tain that level o f sta ffing (average)? If 

the answer to either o f these is no, consider extending 

the schedule or adjusting the time- phasing . 
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Popup Text 

Note 

DAU offers a continuous learning module, CLB031 Time Phasing, with much more detail and applications 
beyond just software estimating. 
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Lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Time-Phasing - Time-Phasing Techniques 

As w ith effort and schedule, time-phasing may apply Analogy and Parametric methodologies. A Resource­
Loaded Schedule approach may also be used. Select each tab below to read more. 

Paramet ric Resource-Loaded Schedule 

Apply (empirical) t ime-phasing profiles from actual data 
on a similar projec t . 

Often these pro files are in percen tages so that they can 
be applied across varying durations. 

This can be done a t a to tal projec t level, or different 

profiles can be applied to differen t activi ties 

( requirements, development, testing, etc .) . 


As historical data are being gathered, " anecdot al 

actuals• in the form of rough percentages from a SME 

may do as a first cut . 
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Popup Text 

Analogy 

Apply (empirical) time-phasing profiles from actual data on a similar project.
 

Often these profiles are in percentages so that they can be applied across varying durations.
 

This can be done at a total project level, or different profiles can be applied to different activities
 
(requirements, development, testing, etc.).
 

As historical data are being gathered, “anecdotal actuals” in the form of rough percentages from a SME
 
may do as a first cut.
 

Parametric 

Similar to the analogy approach, but the historical data are abstracted to a best-fit probability distribution 
based on one or more actual projects. 

The cumulative distribution function (CDF) or S-curve shows the cumulative percent complete from 0% to 
100% as a function of elapsed time, which can be scaled to any estimated duration. 

Common distributions used include Rayleigh, Weilbull, and Beta. 



 
 

 
 

 
 

 
  

  
 

  
   

 
 

    
  

 
 

 

 

 

 

 

 

 

Popup Text 

Resource-Loaded Schedule 

The performance measurement baseline, or PMB, used to implement earned value management (EVM) on 
a project is essentially a resource-loaded schedule, or a time-phased budget. 

The nuanced difference between the two is that the former generally entails that specific resources, i.e., 
developers, not just labor categories, have been assigned to tasks. 

Picture a Gantt chart depicting a series of interrelated tasks and milestones, with the best estimates of 
when each task will commence, the associated effort and duration, and any predecessor/successor 
dependencies. 

The associated hours may be time-phased within each task, using the Analogy or Parametric approaches 
just discussed. If the task is relatively short or low level of effort, a Uniform distribution (even spread or 
“level loading”) may suffice. 



CLB023 Software Cost Estimating 

lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Time- Phasing - Schedule Building and QA 

Resource -Loading may also be used to de termine the schedule (duration) i tsel f, ei ther as a cross-check o f 
a parametric SER (early on) or as the primary methodology ( later, during execution) . 

One or more software engineers with experience in the specific application under development should 
develop a schedule estimate as follows: 

• 	 Expand the WBS to delineate the order in which func tional elements will be developed. The order o f 
development will de fine which func tions can be developed in parallel as well as dependencies that 
drive the schedule. 

• 	 A development schedule should be derived for each se t o f func tions that can be developed 

independently, for example, a schedule for each build o f an incremental development. 


• 	 The schedule for each se t o f independent func tions should be derived as the aggregate o f the 
estimated time required for each major phase o f the development: requirements analysis; design, 
code, and unit test; and integration and test. 

• 	 The to tal projec t schedule should re flec t the aggregate o f the produc t development, including 
documentation and formal review requirements. 

Program schedules are o ften fraught with errors, inconsistencies, and insuffic ient estimates. It is generally 
wise to apply independent cri teria to assess the adequacy o f a schedule. This can be done with a 
combination o f automated models and manual review by software and schedule experts . The GAO Schedule 
Assessment Guide may prove helpful. 
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Lesson 3- Step 3: Develop Estimate Methodology TOC I RESOURCES I PRINT I HELP 

Off-The-Shelf (OTS) Cost Models 

Several ready-made cost estimating models, 

referred to as off- the-shelf, or OTS, models, can 

assist in developing software estimates, offering a 

graphical user interface {GUI) and other 

conveniences. 


These models have been developed over the years 

with industry data from hundreds, even thousands, 

o f projec ts, and they can be tailored and calibra ted 

to specific program design requirements or program 

ac tuals. 


Some of the most commonly used models in the 

industry are discussed in the lesson. More 

information is available on the vendors' websites . 


COCOMO II is used as an example throughout this 

module because of its status as a widely-used, 

widely-scrutinized academic model, with some True Program SuccessTM 

insight into how its estimating rela tionships are 

derived from actual data. 


SEER* 
., G A L 0 R A T H 

l{)) QuestionsManagers 
ShoYidAskf 
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Popup Text 

Questions Managers Should Ask 

Are the estimated costs and schedule consistent with demonstrated accomplishments on other projects? 

•	 Were any cost and schedule models used to develop the cost estimate calibrated to relevant
 
historical data?
 

•	 Was the calibration of any cost and schedule models done with the same versions of the models that 
were used to prepare the estimate? 

Have steps been taken to ensure the integrity of the estimating process? 

•	 Is at least one member of the estimating team an experienced estimator and trained in any cost 
models that were used? 
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Lesson 3 - Step 3: Develop Estimate Methodology TOC I RESOURCES I PR INT I HELP 

Off-The-Shelf (OTS) Cost Models, Cont. 

OTS cost models generally require little or no data, 

so they are useful when no historical data are 

available. 


However, i f you use one of these models with no 

historic data specific to your type o f program or 

environment, you're implicitly accepting the 

" generic" estimate produced by the model based on 

industry-average data. It is generally pre ferable to 

calibra te OTS models. 


The primary disadvantage of using these models is 

the so-called "black-box" syndrome, the limited 

insight in to the processes applied to derive the 

estimate, such as underlying data sets, component 

CERs, statistical significance, and the like . 
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