"Is your software bigger than a breadbox"

by Richard B. Lanza, CPA
Software Estimation Introduction

Software development project failures have reached alarming rates.  In a recent Standish Group survey, the following trends were noted:

· Only 16.2% of projects are completed on-time and on-budget

· Another 52.7% of projects are challenged from a scope, schedule, or cost perspective and 31.1% are cancelled

· The average cost overrun was 189% of the original time estimate

These are blaringly high trends to overcome and/or ignore but they tell only half the story.  Many times, company morale and customer service suffers when products are not delivered on time, are delivered with minimal functionality, or are delivered with bugs after being poorly tested.  If that wasn't enough, assuming development vendors are used, there is increased chance of litigation between the companies if the project runs afoul.  Vendors clamoring for invoices to be paid while companies claiming that the project success metrics were not achieved.

Given the impacts, organization information technology departments need all the help they can get.  Although there are many best practices to assist project success, one stands out.  This best practice is software estimation when based on a complete set of system requirements.  Using this practice, projects can be estimated to within 5% - 10% before any design/development ever starts.  Please note that to achieve such a tight variance, solid requirements gathering must be completed (as discussed later in this article)

Software estimation can be completed manually but does not provide the same impact as its automated counterpart.  Software estimation tools act as expert systems to estimate project sizes using databases of thousands of past projects.  With this history, such tools are invaluable in negotiating with vendors, working to manage the myriad of organization priorities, and calculating true business cases for projects prior to starting them.  This understanding leads to improved goal setting, and hence, more reliable success rates.

In particular, I have used these tools in over ten development efforts with sizes ranging from $80,000 to over $5,000,000.  Although not all of these projects have been completed to date (to prove out the estimating powers of the software), the ones that have were within 10 and 15% of the original estimate.  This is much better than the 189% average cost overrun reported by the Standish Group.   On a personal note, I only wish I had known of such a product when doing my organization’s Y2K effort where the millions of lines of code we changed could have been estimated from a cost/schedule perspective more efficiently.

Please note that even though I am a Certified Public Accountant, a Project Management Professional, and have over 10 years of related experience, my only required training to use these tools was a two day seminar.  Therefore, regardless of your software development proficiency and/or understanding of accounting, the software compensates nicely by calculating an estimate in less that a few hours time.  Such time spent early in a project can save not only dollars but also reputations in the long run.

The remainder of this article will present further information on the benefits and use of software estimation tools.  The two main tools that can be purchased to do this analysis are CostXpert (www.costXpert.com) and Knowledge Plan ( www.artemispm.com).  

What does development estimation software do?

The day of estimating a project’s cost by guessing a cost and doubling it are over.  Aside from the economic downturn facing information technology, internal development projects are facing increased scrutiny from company directors prior to starting development.  Similar to the venture capital that has dried up, internal technology budgets are shrinking with the remaining capital being spent on projects with the highest chance for return.
On the heels of these trends, software estimation tools can independently estimate the size of a software project based on common inputs (e.g., expected number of screens, reports, etc.), which are matched against a database of past projects.  Some key words in the above statement are explained further below:

· Independent - Ask anyone how long it will take them to complete a project and more likely than not they will under-estimate.  Such a trend is supported by the Standish Group report as discussed in the introduction of this article and especially true in the information technology world where programmer heroics abound (defined as the belief by many programmers that they are technically superior in the software language and will be able to program faster and better in order to speed a project along).  Rarely, if ever, do these heroes ever save the day.  Pride plays too much of an active role in the estimates being provided to get an independent estimate from a project team making these tools invaluable.

· Historical database - Ask any project manager and he/she will tell you that historical evidence is one of the best estimation indicators to be used in current projects.  The fact that these expert systems use thousands of projects (not tens which may be the number of projects an individual project manager completed to date) provides more assurance of their accuracy. Please note that the CostXpert database of past projects is enormous and exceeds 33,000 projects (which grows each year).  Knowledge Plan currently has 8,000 projects (which also grows each year)

The software estimate is not just a simple cost to complete (which is the status quo estimate provided by vendors, usually with minimal details) but also a comprehensive analysis with the following components:

· Project size and cost - the tool will break down the inputs (number of screens, expected number of databases, etc.) into lines of code for the software language selected, helping the programmers’ awareness as to the project's true size.  More importantly (especially to the company accountant), the tool calculates the project's cost in dollars, which is segregated by the project phases.

· Project plan - the project phases provided in the cost estimate are mapped out into a project plan listing major deliverables in the plan.  Therefore, this plan provides start and end dates for each deliverables, a cost, and the associated personnel that would be assigned to the tasks.  It goes with saying that such a plan provides the entire project timeline with the final deployment date.

· Expected deliverables - for each of the deliverables in the provided project plan, a description is given, as well as, a page count.  The deliverables described depend on the software lifecycle input.  Essentially, the lifecycle affects the type of deliverables provided as some lifecycles are more focused on documentation than others.  For example, one lifecycle may have requirements for a system listed as one deliverable while another may have three deliverables each focused on specific elements (functional requirements, system screen storyboard, and creative design).

· Resource requirements - in the project plan, the personnel completing the project are identified and the level of work is indicated for each type of system developer.  These developer types include analysts, programmers, strategists, documenters, etc.  For instance, the weekly hours for a software documenter will be listed for each week of the project.

· Maintenance Costs - the tool estimates maintenance costs for many occurrences including emergency fixes, routine debugging, accommodating changes in the environment, and improved code efficiency to name a few.  Given that maintenance can be attributed to the size and scope of the development, these costs are estimated both from a dollar perspective, as well as, from a number of support calls expected for the years subsequent to application deployment.  Such estimates facilitate total cost of ownership calculations for the system.

In summary, software estimation tools
 provide a comprehensive estimate of the development cost to arrive, not only at a total cost of ownership, but also the resource requirements and project plan for the system.

Why use development cost estimation? - The Benefits

The following is a list of benefits for using software estimation software.  These benefits have been realized by the author’s organization in the rollout of this software  These benefits, as further explained in the forthcoming section “How can you best use it”, are

Stronger Business Cases

· Ensures proper business case is made prior to building system by calculating a total cost of ownership

· Runaway projects will be identified before they start

· Allows for "what if" estimations to assist in business case development (e.g., remove this functionality, increase documentation, recruit higher quality staff, etc.)

· Protects information technology teams by providing a measurable estimate of size, cost, and schedule allowing them to better plan resource commitments

Improved Vendor Negotiations

· Independent second opinions are obtained on the software development scope and costs before soliciting vendors

· The scope of development may impact the type of software vendor selected once the project size is properly estimated

· The inputs needed by the system will prompt the company to ask vendors more specific questions in the interviewing stage

· Provides the "power of information" in vendor negotiations by allowing the company to match project plan estimates, deliverable sizes, and staffing requirements to vendor proposals

Enhanced Requirements/Scope Control

· Helps to ensure completeness of requirements by forcing key questions up front to arrive at a number of screens, databases, etc. and, thus quantifying the size of a system into these inputs prior to starting the project

· Allows business owners to understand the results of their proposed modifications when changing the scope of a project (e.g., adding new screens, reports, and/or other functionality)

· Projects can be tracked through their lifecycle to determine, at any point in time, the remaining cost to complete the project

Bottom line, software estimation tools increase the success of projects by focusing companies on those projects that have the greatest chance for success and then monitoring the business case of these projects throughout their lifecycle.

Common misconceptions

"Does this really work...this looks like one of those silver bullet tools?"

· CostXpert (one of the software vendors) claims that, when used properly, the estimate can be calculated with 5% - 10%.  These estimates have been validated by the author in his usage to date, as well as the Standish Group 
who met with various government-contracted software development companies who noted high regard for the estimation results  Please note that any software tool needs quality inputs to produce quality output and this tool is no exception.  Therefore, to ensure quality input, solid requirements gathering needs to be completed for the system in question and these requirements should be validated by the end users prior to estimation.

"We don't have large projects like the military...how can us little guys use it?"

· Software estimation tools can work on projects as small as a few programs, reports, etc., as well as, the multi-million dollar projects, as validated by the author.

"Isn't the information to input difficult to find?"

· The inputs needed for the system (further discussed in the next section of this article) are readily available and include number of screens, reports, etc.

"Why buy a product to do this…can't I just get the function point calculation and use it?"

· Although many of these calculations can be completed manually (see www.ifpug.org for more information),  software estimation tools provide the added benefit of automation speed and, more importantly, a historical database  that positively influences the final estimate.  Furthermore, with the use of Wizards, these tools provide a much easier interface to completing the calculations than the manual counterparts.

"You need to be a software engineer to figure out function points...I can't believe 

a non-techie can do this."

· Because the system relies on common inputs that anyone can understand, non-technical people may be better suited to obtain the necessary inputs than their technical counterparts given their focus on the uses of the system (rather than how it is programmed)

"For all this power, it must be expensive."

· The cost of the software and training, for a single user is less than $5,000.  A return on such a small investment generally can come from the first use of the project.

"This sounds so conceptual...is anyone really using this?"

Software estimation clients run the gamut of industries and include:

· State of California

· US Dept. of Energy

· US Dept. Of Defense

· FAA

· Lockheed Martin

· Hughes Aircraft

· Boeing

· IBM

· Ernst & Young

· Hewlett Packard

How does it work?

To use a software estimation tool, you will need to complete the following steps:
· Gather Requirements

· Estimate Lines of Code

· Make Project, Environment, and Constraint Adjustments

Gather Requirements

It has been said that a bridge, properly designed, never falls into the water and the reason is that the requirements are set in stone.  This can be very difficult on many projects, especially software given such projects are blurry until they come under clearer focus (which may be halfway through the project).  It is similar to building a house where, once the living room is built, the owner may ask to put in a window because they never realized how dark the room would be prior to standing in it.  Software design follows suit in that what looks good on paper may be very unusable on a computer screen.

One of the most dreaded phrases in software development is “feature creep” (otherwise known as “scope creep”).  This is when features or functions, not defined early in the process rear their heads later in the project (like the new window above).  Sometimes this is an easy addition to the project but other times, requires a redesign, redevelopment, redeployment, and retesting.  This is why many consultants do requirements first, set them in stone, and then create a schedule to meet it (….it is also why they double all project estimates before requirements are set).

Therefore, it is critical that requirements be finalized prior to completing a software estimation analysis (at least one where you expect a reliable estimate).  For more on the types of requirements needed, please see Appendix A to this article, which includes a sample template for collecting software requirement inputs for CostXpert.  Estimates can be done when requirements are still a bit “fuzzy” but the tight variance in the estimate can not be achieved until requirements are finalized.  

Although such finalization can occur through a signed document or a collection of Emails from all stakeholders, the best way to ensure agreement is to complete a Joint Application Development (“JAD”) session.  JAD sessions bring together a cross functional group from the organization to review and approve project requirements.  Such a process ensures “buy in” and participation up front when it is needed the most.  Please note that a great resource for JAD is the publication “Joint Application Development” by Jane Wood and Denise Silver

Estimate Lines of Code
Before software estimation tools, developers were forced to estimate project sizes by reviewing those completed in the past and making broad top down estimations.  It led to the practice of guessing and then doubling the estimate.  Not until a line of code estimate was completed based on past project lines of code did the developers have a more comparable estimate of the cost.  Unfortunately, many times the reliable lines of code estimate came when the system was already over budget as it was difficult to estimate such lines at the start of a project.

But then in the early 80's, a new estimation technique was used called parametric estimation that utilized identifiable characteristics of a program to estimate its size.  These "identifiable characteristics" include number of input screens, dynamically generated screens, databases, reports, and interfaces to name a few.  Such functions are easy to detect because they measure what people actually do with the system.  Then, the functions were equated to points (e.g., 5 points for a report).  Given this conversion of functions into points, the term "function points" was coined.  What these software developers determined was that the lines of code could be estimated based on the number of function points and the language being used (e.g., COBOL is 100 lines for each function point).  This process of converting function points to lines of code is called "backfiring".  Please note that usage of these function points has become so widespread that there are even organizations established to manage the standards/models including the International Function Point Users Group ("IFPUG") and the Constructive Cost Model II ("COCOMO II").  

In summary, since user functions can be easily obtained in the beginning of the systems development (see Appendix A for example user functions), and the lines of code analogy could be made at that point, the size of the project can be estimated.  This thought process was then formalized into software estimation tools with databases filled with functions to the associated number of code lines.  

Make Project, Environment, and Constraint Adjustments
Anyone will tell you that a project is defined as an activity with a limited duration expected to product a unique outcome.  Given the unique nature of these activities, adjustments must be considered to any estimates surrounding them.  Therefore, a project’s lines of code estimate can be analogized to the square feet in a house being built in that the square feet can’t be used solely to calculate the cost of the home.  To do so, you must consider the price of real estate, the type of building materials, etc.  Similarly, a software estimation must consider these other factors which are briefly explained below:

Project Adjustments

· Number of users – The number of users affects the number of support calls which, in turn, affects the maintenance costs

· Project Standard - Guides the deliverables that are expected as part of a development from a documentation standpoint (e.g., requirements, design, etc.)

· Lifecycle- Defines the activities that are to be accomplished during the project  to produce the deliverables expected for the standard selected

· Wage Rates – The hourly rates for personnel assigned to the project

· Programming Language – Simply stated, the harder a line of code is to write, the more the development will cost.  Please note that CostXpert supports over 500 programming languages.

Environment Adjustments

The following environmental factors set as High, Medium, or Low, depending on their level noted in the project (this is in CostXpert).  Please note that this is not a complete list but rather a subset of the many factors that can be set:

	· Programmer Language Experience

· Office Ergonomics

· Team Cohesion

· Team Continuity

· Data Storage Constraints

· Multisite Development
	· Software Lifecycle Process Maturity

· Software Tool Flexibility

· Documentation Match to Lifecycle

· Multimedia

· Security


Constraints Adjustments
A project is constrained generally by time, cost, or quality.  The old line is “on any software project, pick two of these factors”.  These constraints (as shown for CostXpert) use the following configuration factors:

· Time/Cost Tradeoff – this factor asks the critical question, “Does the project team have more time to spread the work effort or is speed of the essence (and money not the object)?”

· Requirements Analysis – allows the user to determine the extent of requirements gathering effort expected on the project. 

· Review Time – lets the user set how long a review time will be for each deliverable

· Testing –  allows the user to determine the extent of testing effort expected on the project

How can you best use it?

Below are the three main areas where software estimation tools can most impact an organization which are then further described in this section:

· When completing a business case for the system

· When selecting a vendor and negotiating terms

· Throughout the project to ensure scope control is managed

When completing a business case for the system
There is no better time to know how big a software project will be than in the business case phase.  This allows business owners to see, prior to ever starting development, the expected return on investment for the project.  Software estimation tools therefore limit the exposure to the organization, to information technology departments, and project teams of starting projects that should have never been.  It also can be used in the project prioritization process to independently gauge the effort on projects to their returns in order to judge the most critical projects to the organization.

Software estimation tools also can be used like crash test dummies to complete “what if” analysis by viewing the effects of the project environment and constraints placed on the project.  For example, by changing the programming languages from RPG to Java, a company can see if there are any effects on the final cost and development timeline.  For a more dramatic example, the company can view the difference between staffing the project with highly experienced personnel vs. average players which generally has a major impact on cost/schedule.  This impact can be compared to the increased wage rates for these resources in making a final determination as to whether such improved staff should be used.  This allows for a business case based on many scenarios, providing options to management in their decision making process.

When selecting a vendor and negotiating terms
One of the first questions a vendor asks when proposing on the project is "What's the budget?".  Such a question should never be answered by the company since whatever number is provided, the vendor proposal invariably amounts to +/- 5% of that stated amount.  Further, it is common for a vendor to provide a low estimate initially, only to be followed by numerous change orders that drive up the price.  In the end, the "lowest bidder" may not be the lowest priced vendor after all.  

In current research on software development projects, litigation starts the same way, namely that  the client says the vendor was late, did a poor job, or did not deliver at all while the vendor states the client changed the terms of the agreement (failure to properly define requirements and/or success).  By way of comparison, you would not buy a house without knowing, within 5% or 10%, the square foot of the house.  In contrast, look at the numerous companies who develop software without nailing down those estimations (no pun intended).

Thus, a far more sound approach is to complete requirements gathering internally, create an estimate using a software estimation tool, and then propose to the vendor without mentioning the budget or the results of the estimation.  Armed with this estimation, including a sample project plan, resource list, and proposed deliverables, the project team would meet the developmental vendors proposing on the project to understand differences between their approach and the software tool estimation.  This provides a more focused interview of the development vendor as it will lead to specific questions about their plan, the resulting deliverables, and the project/environmental/constraint factors affecting the project.  For example, the following specific questions become more natural after a software estimation:

· I am not seeing hours for design vs. coding in the plan...how do you allocate this time among your project personnel?

· How long do you expect to use a Business Analyst in the requirements gathering portion of the project?

· How large do you expect your documentation deliverables to be from a page count perspective?

Once a vendor is selected, the use of the software estimation tool can be discussed with them so as to arrive at fixed price deliverables.  Generally, software development contracts are time and materials since scope creep can become such an issue.  In retrospect, if the company displays they have completed a solid requirements gathering and a software estimation that is within 5% and 10% accurate, this should provide enough comfort to the vendor to quote a fixed price for each deliverable (due to their reduction in risk).  This, in turn, reduces risk for the company by “locking in” rates for deliverables.

Throughout the project to ensure scope control is managed
After the project starts, software estimation tools could be used at key phase points (e.g., after the design phase) to ensure that the estimates completed after requirements are the same, have decreased, or increased.  This could be used to re-estimate the budget and to assess the need for additional funding.  If a vendor had signed for a fixed-price deliverable contract, this time could be used to re-negotiate terms for any additional functionality expected in the system (essentially, the change requests for the increased scope).  The results of such analysis would be used by the company to continue the business case in determining whether the added functionality is necessary.  Such fair and equitable estimating practices holds everyone accountable while making both sides transparent.  In other words, as deliverables change, estimates change and there is a quantifiable way to re-estimate the effort.

Conclusion

Information technology dollars are scrutinized today more than ever before given the past high failure rate of these projects and the shrinking supply of venture capital in technology markets.  Companies, especially the information technology departments, need all the help they can get to ensure focus on the projects with the highest chance of success.  Software estimation tools provide a light in the dark tunnel of a technology project lifecycle by allowing an organization to understand the scope, gauge the effort, and decide whether development should proceed before any code is written.  The tools are easy to use, including many “wizards” to walk the user through the product with minimal training.  Best of all, the user does not need to be a “techie” to get reliable results as the majority of the product focuses more on the business side of the project’s equation rather than on the technical one.  Product information can be obtained at www.costxpert.com for CostXpert and www.artemispm.com for Knowledge Plan.
Appendix A - CostXpert Template

Purpose

The purpose of this template is to gain initial information for use in estimating the size of a Web development project using CostXpert.  Please note it does not request all of the CostXpert inputs but does consider the key questions posed by the program.

	Questions
	Response
	Level of Estimation

(H, M, or L)

	System Elements
	
	

	New Elements – newly developed elements
	
	

	· Number of input screens
	
	

	· Number of dynamically generated screens*
	
	

	· Number of static screens**
	
	

	· Number of reports
	
	

	· Number of databases
	
	

	· Number of interface files***
	
	

	Re-Used Elements – elements to be re-used from an existing system in the new system
	
	

	· Number of input screens
	
	

	· Number of dynamically generated screens*
	
	

	· Number of static screens**
	
	

	· Number of reports
	
	

	· Number of databases
	
	

	· Number of interface files***
	
	

	
	
	

	Project, Environment, and Constraint Adjustments
	
	

	· Is the system a Web project (Y or N)?
	
	

	· What language is the system expected to be programmed in?
	
	

	· How experienced are the programmers in the language to be used (H, M, or L)?
	
	

	· Do you expect to crash the schedule with additional personnel at a certain phase in order to meet the time constraints of the project (Y or N)?
	
	

	· Will this system be developed on site or in multiple locations (O or M)?
	
	

	· Will the system have a high need for multimedia (Y or N)?
	
	

	· What level of security will the system require (H, M, or L)?
	
	

	· How critical is it for the system to be operational 100% of the time (H, M, or L)?
	
	

	· What level of transaction load/user volume will exist (H, M, or L)?
	
	

	· What integration is required with legacy systems (H, M, or L)?
	
	


* - Dynamically generated screens are those that will generate based on input given to the system.  For example, after typing in a search string in a search engine site (e.g., Yahoo), a dynamically generated page provides the results.

** - Static screens – are those that remain constant such as a “Contact Us” page on a website.

*** - Interface files – interface files are those sent between systems such as a nightly transfer of credit card information to a bank.
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