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When a project manager asks how to manage iterative development more effectively, I look at planning, process and development. Often, later iterations require more time or implement less functionality than expected. The product may fail to meet the user’s expectations, generating a flood of change requests. Minor changes require more effort than anticipated and may cause a rippling of new defects. The guidelines in this article help solve these problems. In my experience, they speed development, increase quality, and minimize costs. 

These guidelines will work for any project. Taken independently, they form the essence of an effective micro-process for small projects. However, they are equally effective when incorporated with a more formal approach, such as the Rational Unified Process.
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Product Planning Guidelines

Identify Risks Early to Insure Success

The success of any development effort depends on many factors including development schedules, product features, system requirements, architecture, use-ability, maintenance and future enhancements. Carefully assess these factors to insure that the client’s expectations are fully understood and achievable. Precisely identify areas of risk and rate them by importance.

Development Schedules: 

Projects typically must conform to inflexible release dates. Evaluate every project to determine if all the expected features can be developed within the schedule. If not, negotiate a compromise as early as possible. Renegotiate commitments as soon as project slippage is identified.

Product Features: 

Features should be rated by importance to the client and development complexity. Reduce complex features to a simpler set and analyze feature dependencies. Develop the most valuable and complex features first. This insures that the most important features are delivered first and scheduling slippage is identified early.

System Dependencies and Limitations: 

Insure that all external system dependencies and limitations are fully understood. Analyze the impacts the target project. System dependencies may pose the greatest risk to the project; they may not be available when expected, or they may fail to deliver as promised.

Use-ability: 

Understand the user’s expectations on the system – response times, ease-of-use, etc. Rich interactive user interfaces may not be possible with certain technologies. For example, Java Server Pages (JSPs) limit the possibilities for developing highly interactive screens.

Maintenance and Future Enhancements: 

Carefully consider the expected longevity of the product. Maintenance and enhancements are typically the most costly activities over the life of any product. Good documentation, consistent design models and well-commented code can help mitigate these problems. Products that are difficult to modify or enhance tend to rot -- e.g. changes become harder and more costly over time. Mitigate software rot by carefully attending to the design and implementation and following the practices described herein.

Understand the User’s Purpose

Requirements state what the customer wants, but seldom explain the purpose or business value. Yet, systems provide valuable business functions. A good understanding of the user’s real expectations and needs will insure all developers are focused on delivering the best possible value to the customer. Two techniques insure that this information is included in all development plans: User Stories and Use Cases.

Employees who are sick more than 3 days go on DAP (Disability Absence Plan). They are paid from their full pay for 190 working days, and then 70% pay up through 270 days. DAP dollars paid must be kept separate from regular pay dollars, for accounting purposes. Entry to DAP is indicated by the JL30 transaction. These are often sent to us late, after the employee has already been paid. The system must retroactively make it look as if the transaction was received on time. 
An example User Story

User Stories

User Stories, written by the customers as things that the system needs to do for them, are similar to usage scenarios. However, they are not limited to describing a user interface. User stories differ from traditional requirements by focusing on the users needs and benefits. Avoid specific technology details, such as GUI layouts, data structures or algorithms. Each story only provides enough detail to make a reasonably low risk estimate of how long the story will take to implement -- usually about three to six sentences of text written by the customer in the customer’s terminology.

Capture user stories on index cards during joint sessions with the customers and the developers. Together developers and customers move the cards around on a large table to create a set of stories slated for an upcoming release. The goal is a useable, testable system delivered early that makes good business sense (see The Planning Game, below).

Have the customers prioritize each story:

1. High: Those required for the system is to meet its business goals 

2. Medium: Those having a measurable impact on the system's business goals 

3. Low: Those that are desirable, but not critical to the project’s success

Next, have the developers rate each story by risk:

1. High: We have no idea what this means or how to do this

2. Medium: We think we know how to do this 
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Use Cases:

Use cases relate features to workers and detail the tasks the system will perform. Typically, a user story invokes one or a few use cases. Use cases and user stories drive the creation of acceptance tests – define one or more automated acceptance tests to verify each use case, then collect the appropriate tests into suites to test each user story.

Use case diagrams graphically show the relationships between features and the workers who will use the system. Represent workers by the roles they perform, rather the specific job titles. Give use cases simple names to indicate their purpose. Use case diagrams make it easy to see the overall features of the system and the workers who use them. Users and developers may quickly determine the overall scope and verify that the proposed system will best fit the business needs.

Plan for Small Releases

Developers and customers jointly create a release plan. Release planning follows a set of rules that involves decisions by everyone in the project. The rules define a method to negotiate a schedule to which everyone can commit.

The essence of release planning is for the development team to estimate each user story in terms of ideal development weeks, presuming no distractions. Estimate the time to fully develop each feature, including unit tests. The sidebar, The Planning Game, describes a fun, structured approach for assigning user stories to each release.

The goal is a useable, testable system delivered early that makes good business sense. Use Project velocity (defined below) to determine either how many stories to implement by a given date (time) or how long a set of stories will take to finish (scope). When planning by time multiply the number of iterations by the project velocity to determine how many user stories to select. When planning by scope divide the total weeks of estimated user stories by the project velocity to determine how much time the release requires.

Avoid lowering estimates simply to meet management goals. Valid estimates are necessary to truly understand the scope of effort, as well for accurate iteration planning. Unrealistically low estimates will only cause greater problems later. All projects are quantified by four variables; scope, resources, time, and quality. You can only decide three of these variables; the value of the fourth is dependent on the others. Consequently, if you desire shorter development times, then adjust the scope, resources and/or quality values accordingly. Any other approach is a guaranteed recipe for failure. Negotiate a realistic release plan that the developers, customers, and managers can all accept.

Process Management Guidelines

Model Visually Using UML

An object-oriented model aims at reflecting the world we experience in reality. Thus, the objects themselves often correspond to phenomena in the business that the system is to handle. For example, an object can be an invoice in a billing system or an employee in a payroll system.

When correctly designed, a model is

· Easy to understand: It clearly corresponds to reality. 

· Easy to modify: Changes to a particular phenomenon concern only the object that represents that phenomenon.

· Closely aligned to the business processes. System changes closely mirror business requirement changes.

The Unified Modeling Language (UML) provides a widely accepted standard for object modeling. It provides a consistent language applicable to both system and business engineering. For more information on the UML, visit http://www.rational.com/uml/index.jtmpl.

Maintain Consistency Between the Model and the Implementation

Good modeling tools simplify the effort needed to maintain design models for projects developed in an object-oriented language. Rational Rose, Together and other modeling tools automate model and code synchronization to varying degrees. Develop a good design model early in the project and then synchronize the model with the code periodically.

Monitor Project Progress using Metrics

Two measures for estimating and measuring a project’s progress are Load Factors and Project Velocity. Use velocity for monitoring and estimating an individual project. However, velocity is not useful for comparing projects or estimating new projects. In addition, velocity works best when the project team membership is stable and iteration development times are constant. Load factors averaged across many projects are more useful for initial project plans and less stable projects. Track both statistics.

Load Factors and Estimating

A Load Factor is the measured difference between the ‘ideal’ time estimated for performing a task vs. the actual elapsed time. The Load Factor equals the actual development time divided by the estimated ideal time. Multiply estimates by the average load factor to estimate actual development time. Load factors vary widely across people, projects and development environments due to the number of disturbances in the environment (meetings, etc.) and other factors. Typical load factors tend be in the range of two and a half to three weeks of real effort for each estimated ideal week.


Load Factor = Actual Development Time / Ideal Time Estimate


Adjusted Time Estimate = Ideal Time Estimate * Avg. Load Factor


2.5  <= Typical Load Factor <= 3.0

Project Velocity

Velocity is a measure of development pace based on the number of stories or tasks completed per release divided by the total estimated time. Use the velocity for the previous release when planning a new release to determine if the scope of work fits the allocated time. 
Velocity = Number of Stories Developed / Total Estimated Time

During release planning, assign the developers the same number of estimated days of programming tasks equal to the velocity measured in the previous iteration. (Use the previous iteration velocity instead of the average velocity to allow developers to recover and clean up after a difficult iteration.) Project velocities increase by encouraging developers to ask the customers for another story when they complete work early and no clean up tasks remain.

Constantly Improve the Process

Periodically, hold a meeting to discuss what works and what needs changing. Carefully devise ways to improve the approach. However, avoid drastic changes. Monitor the results closely.

Project Development Guidelines

Follow Consistent Standards

Identify or develop design and coding standards. Often, industry or vender standards may be used. For example, Sun Microsystems, Inc. provides a good set of standards for the Java language, available at: http://java.sun.com/docs/codeconv/html/CodeConvTOC.doc.html
Test First and Often

When implementing or extending any non-trivial feature, create (or enhance) a unit test. As system features are developed, continue developing and executing the tests. Group unit tests into test suites to execute in sequence. Test-first programming helps insure that:

1. Developed features perform as expected

2. Changes that introduce problems elsewhere are identified and fixed quickly

3. Integration becomes easier and faster

4. Developer confidence is increased

Release unit tests into the code repository along with the code they test. Do not release code without tests. If a unit test is missing, create it immediately.

The greatest threat to test first programming is a looming deadline – Developers often argue that time does not permit the extra effort needed to create and run tests. However, automated tests can reduce development times; defects become more difficult and costly to find and fix later. Moreover, the harder the test is to write the more benefit it provides. The savings realized from automated tests are far greater than the cost of creation.

Do not delay writing tests until the last few months of a project. Experience shows that without unit tests, development often drags on, eating-up those last months – or more. Even when time is available, good tests take time to evolve. Closely coordinated test and feature development insures that complete test suites are available when needed.

Unit tests enable collective code ownership by guarding against accidental harm to existing functionality. Code changes must pass all unit tests before release to ensure that all functionality always works. Collective code ownership enables high-speed development – it avoids feature development delays caused when another feature needs modification. Waiting for a code owner to make a change introduces a bottleneck. Implement changes immediately. Unit tests allow developers to change existing code with confidence that the original implementation is not broken.

Test first development provides a useful and cost effective safety net, improves developer focus and speeds development.

Integrate Often

Rigorous test-first programming speeds and simplifies integration. Build and execute a test suite for integration. Test failure indicates that a new version is incompatible with the previous version, requiring an immediate fix. Fixing small problems frequently takes less time than fixing huge problems just before a deadline. Automated unit tests make it is possible to quickly merge and release a set of changes.

Perform integration frequently to identify problems early. Most are simple errors, but if a developer is not adhering to the rules, or a junior member is experiencing trouble, discover and correct the problem quickly.

Integration also provides a good time to execute stress, acceptance and other tests to avoid final release testing problems. This helps reduce the time, effort and stress typically experienced when a project enters the deployment phase.

Do Only What You Need Right Now

Implement only what you know you need, when you need it. Avoid adding features you might need later. Often expected needs never materialize or have alternate solutions. Keep the solution simple to reduce complexity. The simplest solution is also the easiest to develop, test and maintain. Unnecessary features increase development and testing efforts.

Refactor Mercilessly

Refactor code to remove redundancy, eliminate unused functionality and rejuvenate obsolete solutions. Refactor throughout the entire project life cycle to save time and increase quality. Refactor ruthlessly to keep the design simple as you go and to avoid needless clutter and complexity. Keep your code clean and concise so it is easier to understand, modify, and extend. In the end, it takes less time to produce a system that is well groomed.

No design is perfect. Refactoring improves the design over the life of the project. The result will better suite the actual system needs than the original plan. Avoid notions of what the system should or should not be. Allow the design to emerge naturally from the actual system needs.

Optimize Last

Do not optimize until the end. Never try to guess where system bottlenecks will occur. Implement a good working solution. Then profile the system under normal (or expected) working conditions to identify bottlenecks. Make it work, make it right and then make it fast.

Do the Worst Thing First

Perform high-risk tasks as early as possible. If a technical difficulty threatens to delay development, immediately assign resources to resolve the problem. This insures early discovery of unforeseen difficulties and delays. Notify the customer immediately when the schedule needs adjustment. Delay increases risk.

Create a Spike Solution

Create spikes to find solutions to tough technical or design issues. A spike is a simple program to explore potential solutions. Address only the problem under examination and ignore all other concerns. Spikes are seldom good enough to keep, so throw it away. The goal is to reduce the risk that hard technical problems pose to the project.

Don’t Be Afraid to Throw It Away

The solution to a difficult problem is often elusive. You may try many approaches before discovering a working solution. Unfortunately, though, the resulting code is probably cluttered with remnants of failed attempts and poorly organized. Throw it away and re-implement the solution. The result will be more concise, efficient and maintainable.

Monitor Development using Code Metrics

When properly used, code metrics are a useful aid for monitoring progress, identifying problems early and predicting certain product characteristics. However, misinterpretation of metric results can be misleading and counter-productive. Carefully select and target metric algorithms and analyze the results frequently.

Many different code analysis algorithms exist. Select only those that will provide a well-understood benefit to the project. A few starting recommendations follow.

Cyclomatic Complexity

Complexity is a measure of the number of decision points in a contiguous block of code (such as a method, function or procedure.) Add one point for each decision branch in the code. High complexity counts may indicate poor code structure.

Complexity aids early identification of suspect programming practices. Run complexity measurements frequently and target code reviews for any modules found with high complexity counts. Establish a base line for complexity. Justify or refactor any code that exceeds this baseline. Schedule training for developers that consistently produce complex solutions.

Dependency Analysis

A number of algorithms measure the dependencies between modules (classes, packages, etc.). Cyclic dependencies are the most dangerous; they can lead to code rot, a condition where development and maintenance activities become progressively more difficult and costly, often causing a cascade of defects each time a change is made. Eliminate dependency cycles whenever possible.

Source Lines of Code (SLOC)

This metric counts the number of lines in a unit of code. The size of the unit and the definition of “a line of code” differ between programming languages and particular algorithms. Select an algorithm that counts code statements, ignoring blank lines and comments.

Use SLOC results to identify potential maintenance problems and to predict error densities for deployed products. High values may indicate potentially dangerous code. Schedule reviews for very long functions or methods. Generally, longer methods contain more defects and are harder to understand, maintain and enhance.

Use SLOC measurements for an entire product or major code unit to track error densities in deployed systems. Use the ratio of (unique) errors per SLOC to establish a baseline for predicting the maintenance effort required for future product releases. As the software development process is improved, this ratio should stabilize or decline. A rising ratio may indicate a serious problem with the development process.

Never use SLOC to measure performance or productivity. Attempts to use SLOC results to identify under-productive team members are seldom beneficial:

· Programmers can easily develop practices that will artificially inflate SLOC values,

· Inflated SLOC rates are useless,

· Lower SLOC rates are better, since smaller systems tend to have fewer defects and are easier to enhance and maintain.

Also, never try to compare SLOC measurements from different programming languages or using different algorithms. Any such comparisons are simply not valid.

Summary

I have employed these guidelines in past projects with great success. All are, in my opinion, important and useful. Some of these practices are part of the eXtreme Programming (XP) approach and there many other practices advocated by XP worth considering. Information on metrics is more elusive. The suggestions above are from personal experience -- see the references below for more information. However, of all the suggestions I can provide, the most important is to learn from your own experiences. Measure and track the results. Refine and repeat those practices that work and discard those that do not.

Additional Reading

eXtreme Programming Explained, Kent Beck, Addison-Wesley Publishing, 2000.
Introduces the Planning Game and other best practices.

XProgramming.com, http://www.xprogramming.com/
Provides articles and resources related to extreme programming (XP).

Extreme Programming: A Gentle Introduction, http://www.extremeprogramming.org/
Provides a nice hyper-linked document on the XP approach.

The Portland Pattern Repository, and
The Extreme Programming Roadmap, Cunningham and Cunningham, Inc. http://c2.com/ 
Discussions and explanations on XP, software patterns and other related topics.

Refactoring: Improving the Design of Existing Code, Martin Fowler, Addison-Wesley, 1999
discusses the benefits of and best practices of refactoring for improving existing systems.

Code Conventions for the JavaTM Programming Language, Sun Microsystems,  http://java.sun.com/docs/codeconv/html/CodeConvTOC.doc.html
The official coding standard for the Java language from Sun.

The JMetric Home Page, Swinburne University of Technology, http://www.it.swin.edu.au/projects/jmetric/products/jmetric/
JMetric is a free, fully functional metrics tool for the java programming language that supports SLOC, LCOM, Cyclomatic Complexity and more.

Applying and Interpreting Object Oriented Metrics, Dr. Linda H. Rosenberg, NASA Software Assurance Technology Center, Software Technology Conference, Utah, April 1998
http://satc.gsfc.nasa.gov/support/STC_APR98/apply_oo/apply_oo.html
An excellent instruction on how to apply and interpret 9 metrics.

The UML Resource Center, Rational, Inc. http://www.rational.com/uml/index.jsp
Official documentation, articles and other support for the Unified Modeling Language.
Cetus Links – Object Orientation, http://www.cetus-links.org/
Thousands of links to anything related to OO development, organized by category.
Use case diagrams clarify the relationships between system features and business workers








The Planning Game


The Planning Game is a fun and innovative approach to conducting joint release planning. 


Players Business (end-users, analysts) and Development (programmers, etc.). 


Pieces: User Stories (written on index cards) and Commitments. Stories have a value and cost that may depend on other Stories, and can change. Commitments are ordered collections of stories assigned to iterative releases.


Goal Put the greatest possible value of Stories into each Commitment for each release.


Moves


Business Writes Stories: Business begins by introducing new Stories and assigning priorities. As the game progresses, Business may Introduce a New Story or Change Priority 


Introduce a New Story: Business writes a new Story and Assigns Priority. Next, Development Estimates the Stories. When adding a new story to the current Commitment, perform Over-commitment Recovery.


Assign or Change Priority: Business assigns each Story a priority from one (Must Have) to three (Optional). If the priority of a Story in the current Commitment is changed, then revisit Development Orders Commitment.


Development Estimates Stories: Development assigns each Story a cost of one to three ideal weeks and evaluates risk. If a Story cost is high, Business splits the story into two or more. If the cost is low, Business merges it with another story: The resulting Story(s) are Assigned a Priority and re-estimated.


Make a Mutual Commitment: Business and Development together commit to the stories and completion date for the next release:


Story-Driven Commitment: Business picks Stories for the next release. Development calculates the release date.


Date-Driven Commitment: Business picks a release date. Development calculates the cumulative cost of Stories they can accomplish. Business picks Stories totaling that cost.


Development Orders Commitment: Development sorts the Stories in a commitment by value and risk such that a useful and testable system is quickly developed. High priority and risk stories are positioned early in the schedule.


Recover from Over commitment: Development cannot complete all the Stories in a Commitment by the deadline. Development and Business mutually re-evaluate the Commitment by moving uncompleted Stories to a future release, deferring the deadline or negotiating a compromise.


Create a Spike: Business agrees to add a throwaway Spike to solve a technical issue or prove a concept. For more than a quick temporary fix, Introduce a New Story. If necessary, Recover from Over commitment.
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