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Formal Approaches to Cost Estimation
Many formal models proposed over the last four decades.

Two categories, cost models and constraint models.  

Cost models are characterised by a set of equations 

which given an input which is generally some measure of size,

 will compute the duration and manning levels required.

Constraint models map a relationship, over time, 

of two or more cost factors, e.g. size, effort, duration,

staff levels etc.

Cost Models
Early cost model were linear but it has been shown 

there is no clear linear relationship between effort and size.

Later cost models were generally based on the 

following non-linear formula:

E = (a + b*(SIZEc)) * f(x1 . . . , xn)

Base formula correction 

(depends on the value of entities (x1, . . .  xn)

where             E = effort

a, b and c are derived constants and

x 1 to xn are influencing factors which vary from project to project.

Boehm's CoCoMo 

There are three forms of the COnstructive COst MOdel :

Basic CoCoMo which gives an initial rough estimate of man months and development time,

Intermediate CoCoMo which gives a more detailed estimate for small to medium sized projects,

Detailled CoCoMo which gives a more detailed estimate for large projects. 

 Models are driven by sizing the project in terms of Delivered Source Instructions. 

Each model has three sets of equations, 

one for each of the three modes in which a project is developed, 

namely Organic Mode for in-house, familiar environments, 

Embedded Mode for tightly constrained, unique project and

 Semi-detached Mode which is a mixture of the two above.

Basic CoCoMo 

calculates a cost estimate based on project size using the following equations:

Organic mode:
Semi-detached mode
Embedded mode





MMd  = 2.4(KDSI)1.05

MMd = 3.0(KDSI)1.12

MMd
= 3.6(KDSI) 1. 20


MMam =1.0 (ACT) (MMd)

MMam = 1.0 (ACT) (MMd)

MMam =1.0 (ACT) (MMd)


TDEV =2.5(MMd)0.38

TDEV = 2.5(MMd)0.35

TDEV=2.5(MMd)0.32


Where

MMd: the time, in man-months, to develop the software

MMam:
the time, in man-months, to maintain the software

TDEV:
development schedule in months

KDSI:
number of thousands of delivered source instructions

ACT:
annual change traffic, i.e. the average fraction of a product's source instructions that are changed in one year.

Once the estimate is calculated, CoCoMo gives, for each mode, the percentage of time to be spent on each phase of the project (phase distribution).

Boehm claims estimates calculated using Basic CoCoMo are within a factor of 1.3 of the actual figures 29% of the time, and within a factor of 2.0 60% of the time.

Intermediate CoCoMo uses the same equations as Basic CoCoMo with the following two differences:

1.
The coefficients used are slightly adjusted to cater for the aggregate affect of the cost factors.

2.
It uses a table of adjustment factors for 15 basic cost factors which are applied to the estimate produced.  This allows the estimate to be tailored to different environments.
The adjusted coefficients are as follows:
Organic mode:
Semi-detached mode
Embedded mode





MMd  = 3.2(KDSI)1.05

MMd = 3.0(KDSI)1.12

MMd
= 2.8(KDSI) 1. 20


MMam =1.0 (ACT) (MMd)

MMam = 1.0 (ACT) (MMd)

MMam =1.0 (ACT) (MMd)


TDEV =2.5(MMd)0.38

TDEV = 2.5(MMd)0.35

TDEV=2.5(MMd)0.32


Boehm recommends using 15 cost factors which should be evaluated for each project as follows.  

The factors are:

Required Software Reliability, 

Data Base Size, 

Product Complexity, 

Execution Time Constraint, 

Main Storage Constraint, 

Virtual machine Volatility, 

Computer Turnaround Time, 

Analyst Capability,

Applications Experience, 

Programmer Capability, 

Virtual Machine Experience, 

Programming Language Experience, 

Modern Programming Practices, 

Use of Software Tools, 

Required Development Schedule.

Each factor is assessed as being:

Very Low, Low, Nominal, High, Very High or Extra High,
and the associated multiplying factor is defined for each category, for example

Product Complexity has multiplying factors of:

Very low - 0.7, Low - .85, Nominal - 1, High - 1. 15, Very high - 1.3, Extra high - 1.65.

Boehm gives an exact definition of Very Low, Low, Nominal, High, Very High and Extra High for each of the 15 cost factors 

Intermediate CoCoMo claims to produce estimates that are within 20% of the actual figures 68% of the time, which is an improvement on Basic CoCoMo.

Detailed CoCoMo 

Intermediate CoCoMo is sufficient for most projects, but it has some limitations that become apparent in very large projects.  The purpose of Detailed CoCoMo is to address these limitations, which Boehm lists as:

1
Some attributes will have the same value throughout all modules in the project.  Other attributes will vary from module to module.  In Detailed CoCoMo, attributes can be specified at three levels: system level, subsystem level, and module level.  Thus attributes which remain constant throughout the project need be considered just once.  Only those attributes that vary from module to module need to be re-evaluated for each module.

2.
The estimate distribution by phase is very rigid, and based solely on the size of the project, regardless of such factors as complexity, reliability, quality, etc.  This can lead to inaccuracies in the distribution of effort.  Detailed CoCoMo allows phase distribution to be more flexible.

A table of multipliers exists for each level. According to Boehm, detailed CoCoMo has an accuracy of 20% of forecast in 70% of projects.

Observations on CoCoMo:

Documented results by Boehm when using CoCoMo have shown a high level of accuracy in producing cost estimates, however these were derived from completed projects at which stage exact figures were known for both the size, and other cost factors.  Also, when CoCoMo is used in other environments other than that for which it was designed, the results are not as favourable.

CoCoMo is driven primarily by number of source instructions.  Source instructions can be physically counted, and so easily automated, however this can not be done until after development begins.  Any figure for project size used before the development phase will simply be an estimate, and there is no evidence to suggest this will be any more accurate than a cost estimate itself. 

Function Points

 To overcome this, Allan Albrecht, IBM  proposed using function points, rather than lines of Code to measure size.  We will now look at models that are based on Function Points rather than Lines of Code.

Albrecht's, approach is to list the number of external. user inputs, enquiries, outputs, and master files to be delivered by the development project.
Albrecht recommend generating an estimate in a somewhat similar method to Intermediate CoCoMo.  The size of the system is calculated using Function Points rather than Delivered Source Instructions, and the result is then adjusted by evaluating various cost factors. 

 The names given to these two stages in Function Point Analysis are:

1.
Information Processing size - calculating the size

2. Technical Complexity Adjustment - cater for cost factors

Mk II Function Point Analysis

Based on Albrecht's original model, but with some refinements.

1. Mk II Information Processing Size:

The system is viewed in terms of entities, which are logical processes that have an Input, a Process and an Output.  

Each entity is assigned a number of 'unadjusted function points' as follows:

UFP's + Wi * (number of input data element types) +We * ( number of entity types referenced) + Wo * (number of output data element-types)

The weights Wi, We, and Wo can best be determined by analysing past projects.  If data on past projects is not available, then the weights can be assigned by developers based on their past experience.

2. Mark 11 Technical Complexity Adjustment

The number of cost factors used in Mk II is variable, but the following are given as suggestion:

Data Communications

On-line update

Interface to Other Applications

Distribution Functions

Complex processing

Special Security Features

Performance

Re-Usability

Special User Training Facilities

Heavily Used Configuration

Installation Ease

Documentation Requirements

Transaction Rate

Operational Ease

Access Requirement for 3rd Parties

On-line Data Entry

Multiple Sites

End User Efficiency

Facility Change

Other factors, specific to a particular environment or project can be added to the list.  Each cost factor is given a degree of influence (0 - 5), and the total complexity adjustment is calculated as:

TCA = 0.65 + C * (total DI)

Each individual Degree of Influence can itself be weighted, and the total degrees of influence can also be calibrated ('C' above) to suit a particular application.

Mark II allows significant flexibility, both in terms of adding specific cost factors, and allowing weights to be adjusted.  This makes the method portable, and depending on the accuracy of the weights used, gives the method the potential to be more accurate.  Also, basing the estimate on Entity diagrams could allow the process to be automated from a system design specification based on a CASE tool that supports such Entity diagrams.

Constraint models
Constraint models attempt to map, over time, a relationship between two or more factors in a software project.  The most documented example of a constraint model is Putnam's SLIM model based on Norden's findings.  Norden, having studied the distribution of Manpower over Time in many projects in the 60's, discovered a trend in the manning of software projects which approximated to a Rayleigh distribution. A skewed negative exponential.

Putnam developed a cost estimation model, SLIM (Software Lifecycle Management), based on Norden's findings.  Research done by Putnam suggests that all large projects, and some small projects, follow Norden's pattern, i.e. those projects where management have little intuitive feeling for the manpower required, and react to man-power needs as they arise.

Putnam's model is based on the following two equations:


L = CkK1/3 td 4/3


Do = K / td

L = size measured in lines of code

Do = a constant referring to the maximum people on the project 


Ck = a state-of -technology constant
build up.


K = effort expended in person years


td = development time.


These equations are based the following two relationships:

1. Effort is related to :-

 Volume of work and Difficulty gradient(complexity), Project technology Factor (staff experience) and Delivery time

2.
Manpower (i.e. the count of project staff at any given moment) is related to :- Total Cumulative Manpower, Project Acceleration Factor (speed new staff are absorbed at), Project months - duration.

Studies on the Putnam model indicate it works very well on large projects (i.e. projects greater than 15 man-years).  However, the model is less suitable for small projects.

