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1 Inputs

· Existing system
· Existing estimation model

· Historical project metrics for this and previous projects

· Business and/or system requirements models

2 Outputs

· New or updated estimation model
· New or updated project estimates

3 Overview

The accuracy of any given estimation depends on:
· Historical data

· Consistency of the level of abstraction of counted elements

· Continuous improvement of the estimating process

Historical data can be gathered from existing systems if the original cost of development in terms of time and money is known. This is achieved by counting elements in the existing system similar to the elements to be counted in estimating the new system. The cost per element to be used in estimating the new system is then derived by dividing the total cost of development of the reference system by the number of those elements in the reference system. The derived cost per element is then multiplied by the number of those elements in the specification for the new system to produce the overall estimated cost of the new system.
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4 Define Estimation Elements
Estimation can take place at each stage in the development cycle, so it is worth defining sets of elements for each stage. If the development project is to include a business analysis stage then initial estimates can occur at the end of this stage. For greater accuracy in predicting the costs of software development projects, estimates should be made at least from detailed system requirements and preferably from the system analysis model. Elements can also be defined for architecture, design, coding and test stages so that metrics can be gathered continuously as the project progresses.
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4.1 Define Business Model Estimation Elements

These might include:

· Primitive Processes

· Primitive Process Steps

· Selections - decisions on activity diagrams

· Business Events – conditions on transitions in activity diagrams

· Business Entities

· Business Entity Attributes

· Business Entity Relationships

· Business Requirements/Rules – count the number of sentences

· Business Entity States, Events, Transitions and Conditions

Weightings might be defined the relative complexities of these elements
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4.2 Define System Requirements Model Estimation Elements

These might include:

· Use Cases

· Use Case Flows – basic flow, alternate flows and sub-flows

· Lines in the Use Case Description

· Screen Prototypes

· Screen Prototype Fields and Controls

· Data Dictionary Entries – entities, attributes

· Non-functional Requirements

Weightings might be defined the relative complexities of these elements.

Non-functional requirements tend to influence architecture which in turn affects the complexity of the technical aspects of development. These might be converted to weightings in the estimation algorithm.
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4.3 Define System Analysis Model Estimation Elements

These might include:

· Interactions on Sequence/Collaboration Diagrams

· Logical Data Model Classes

· Logical Data Model Attributes

· Logical Data Model Operations

· Other Classes

· Other Class Operations

· Class States, Events, Transitions and Conditions

Weightings might be defined the relative complexities of these elements.
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5 Estimate Complexity of Reference System

5.1 Choose a Representative Subset

It is not necessary to model the whole of the reference system in order to obtain a reasonably accurate reference value for each estimation element. For example, an information system with 50 screens could be estimated by modelling 5 screens of average complexity, estimating average complexity by counting the total number of elements on each screen, choosing 5 ‘average screens, then writing the use cases for each screen.
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5.2 Model the Reference System

For a conventional information system:

· Take screenshots

· Organise the fields into entities and attributes

· Count the fields and controls separately for each screen

· Write a use case for each screen including all alternate flows

· Count the flows and lines in each use case

· If possible, reverse the existing physical data schema into a logical model by removing all implementation constructs

· Count the entities and attributes

· If no data model is available, use the count of fields on screens taking care to remove duplicates

· Calculate the total number of each estimation element for the whole system

For an embedded or real-time system you might look at the complexity if system interfaces and man/machine interfaces and replace the screen elements with these. Use case modelling then remains the same.
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6 Calculate Cost Values for Estimation Elements

If no existing system has been developed using this approach then use the calculated total number of estimation elements for the reference system. Define the proportionate weight of the contribution of each type of estimation element to the total estimate. Take the total values for time and cost spent to develop the reference system and distribute them between the different types of estimation element. Then divide the values assigned by the number of estimation elements in the reference system to calculate the value of one element of each type. Remember to use the same weightings between estimation types when calculating the total cost and time to develop the new system.

For example: a simple approach might be to just use the total number of lines in the use cases and the total number of fields in the screens to model both functionality and data. In this approach the calculation would be made on the basis of the following formula:

(use case weighting x SUM (lines in use cases) x cost or time per line) + (field weighting x SUM (number of fields) x cost or time per field) = total cost or time

By adjusting the weightings and the cost per line and cost per field, we can arrive at an equation that balances. Thus we have defined our reference cost or time per line and cost or time per field.

If a system has already been developed using this estimation approach, then adjust the original values of cost per line and cost per field based upon the actual performance of the project versus the expected performance calculated using the original values.

Weightings might also be adjusted as a result of experience.
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7 Estimate Complexity of New System/Changes/Business Changes

Use the same approach to estimating the complexity of the new system as was used to calculate the complexity of the reference system. This time, however, there will be new, proposed use cases together with prototype screens. If a comprehensive data dictionary is available as part of the requirements, this can be used to estimate the data aspects.

The same formula is used as was used to arrive at the reference cost for each estimation element. This time, however, we just plug in the values and the formula yields a result.

(use case weighting x SUM (lines in use cases) x cost or time per line) + (field weighting x SUM (number of fields) x cost or time per field) = total cost or time

This will give us an estimate that assumes that all factors other than the complexity of the system are the same as they were for the development of the original system.
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8 Update Project Estimates

Using the approach from previous steps will give us an estimate that assumes that all factors other than the complexity of the system are the same as they were for the development of the original system. It may be appropriate to create a number of weighting factors for different aspects of the development and to adjust the estimates accordingly. Establishing effectiveness of these factors will necessarily be subjective and the result of experience on projects. Some suggested factors might include:

· Technological complexity

· Learning curve for new techniques and technologies

· New application area

· Experience of team members

· Number of people on the team

The best way get the estimation process working accurately is to use an incremental approach to system development. This allows actual results on this project with these people; these technologies etc. to be fed back into the estimation process early on in the project.

The key to keeping the estimation accurate is always to keep adjusting the approach based on experience, whether this is the experience of an iteration within a project or across projects.
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9 Step Flow Activity Diagram
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