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Abstract 

Software project management has methods and tools that could be applied to a project. Project management being a key attribute in today’s business world, software project management has some additional challenges that are different from project management challenges. This paper first discusses what software project management is. It also explains the differences in detail compared to a standard project management effort. As process based management is popular today in the software world, a few methods of such is introduced. Next, the discussion proceeds with an introduction to software process models that can be used for software development. As software estimation is very valuable to a project, a few software estimation methods are discussed along with known advantages and disadvantages. Finally, the paper will summarize a few tools that are available to assist software project management. 

1. Introduction

Successful software project management relies on two key elements: the accurate planning and estimation of the project lifecycle, and the monitoring and control of the project to steer it to its successful completion in terms of time, cost and quality. [3] The software project manager has to play two roles often, where the person has to be responsible for managing the team and the project. Also, the same manager is often expected to play the role of the technical lead or the task lead. This leads to confusion about how technically savvy the software project manager must be. Success or failure on large software projects is heavily based on the processes being used. Therefore, process selection is extremely important to a software project management. Likewise, tool selection must be made wisely. 
2. What is software project management?

The Open University Software Project Management module (1987) suggested that management involves the following activities:

· Planning – deciding what is to be done;

· Organizing – making arrangements;

· Staffing – selecting the right people for the job, etc.;

· Directing – giving instructions;

· Monitoring – checking on progress;

· Controlling – taking action to remedy hold-ups;

· Innovating – coming up with new solutions;

· Representing – liaising with users, etc
A project is a planned activity. Project management is not only about planning but also about human attributes like leadership and motivation. Furthermore, project management includes components of control, teamwork, and resource management. Most managers want their projects to be on time, meet quality objectives, and not cost more than the budget. These form the classic time, quality, cost triangle. One reason for the rapid growth is the need to understand how to look after complex projects, often in high tech areas, which are critical to business success but also have to use scarce resources efficiently. Project management can be found in all industries. In this article, discussion is limited to software project management. [8]

May of the techniques that is applied to general project management above can be applied to software projects as well, but software projects has specific characteristics that make them different. Following are some of them. [13]

Invisibility When a physical artifact such as a bridge or road is being constructed the progress being made can actually be seen. With software, progress is not immediately visible.

Complexity Per dollar, pound or euro spent, software products contain more complexity than other engineered artifacts.

Conformity The ‘traditional’ engineer is usually working with physical systems and physical materials like cement and steel. These physical systems can have some complexity, but are governed by physical laws that are consistent. Software developers have to conform to the requirements of human clients. It is not just that individuals can be inconsistent. Organizations, because of lapses in collective memory, in internal communication or in effective decision-making can exhibit remarkable ‘organizational stupidity’ that developers have to cater for.

Flexibility The ease with which software can be changed is usually seen as one of its strengths. However, this means that where the software system interfaces with a physical or organizational system, it is expected that, where necessary, the software will change to accommodate the other components rather than vice versa. This means the software systems are likely to be subject to a high degree of change.

In software project management the following three activities are covered. 

The feasibility study This is an investigation into whether a prospective project is worth starting. Information is gathered about the requirements of the proposed application. The probable developmental and operational costs, along with the value of the benefits of the new system, are estimated. With a large system, the feasibility study could be treated as a project in its own right – and have its own planning sub-phase. The study could be part of a strategic planning exercise examining and prioritizing a range of potential software developments. Sometimes an organization has a policy where a group of projects is planned as a program of development.

Planning If the feasibility study produces results, which indicate that the prospective project appears viable, planning of the project can take place. However, for a large project, we would not do all our detailed planning right at the beginning. We would formulate an outline plan for the whole project and a detailed one for the first stage. More detailed planning of the later stages would be done as they approached. This is because we would have more detailed and accurate information upon which to base our plans nearer to the start of the later stages.

Project execution The project can now be executed. The execution of a project often contains design and implementation sub-phases. Students new to project planning often find it difficult to separate planning and design, and often the boundary between the two can be hazy. Essentially, design is thinking and making decisions about the precise form of the products that the project is to create. In the case of software, this could relate to the external appearance of the software, that is, the user interface, or the internal architecture. The plan lays down the activities that have to be carried out in order to create these products. Planning and design can be confused because at the most detailed level, planning decisions are influenced by design decisions. For example, if a software product is to have five major components, then it is likely that there will be five groups of activities that will create them.
A classic software development life cycle has seven steps. Some of these steps will be a part of other process models, which are discussed later in this document. Below is a diagram that shows the steps and their order. [13]
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Figure 1: Classic software development life cycle [13]

Project management is a very important part of a software project. Therefore a solid process has to be identified in order for the software project management activities to be successful. But the challenge is how to systematically carry out an established process and how to monitor the process and make appropriate corrective actions in a timely manner if necessary. Without some kind of systematic enforcement a process, no matter how good it is, is nothing more than a set of guidelines or laws written in documents, which rely on the software developers to obey them. Therefore it’s suggested that the software development process model is to be a part of the software project management process. According to this, the project manager will need to be more involved in the software development process model activities mentioned above for example. As each step is completed successfully, the project will go forward with the project manager being aware of the entire project activities and its issues. Software development activities have been summarized to the following functions:

· Process engineering: Define and maintain software process models.

· Software engineering: Develop and maintain a software product, following a software process.

· Project management: Coordinate and monitor the activities of software engineering.

The following diagram shows how the above three functions are integrated. [10]
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Figure 2: The three functions of software development activities.

3. Process Based Project Management

Process-based management is a management approach that governs the mindset and actions in an organization. It is a philosophy of how an organization manages its operations, and is aligned with, and supported by, the vision, mission and values of the organization. It is the basis on which decisions are made and actions are taken. Process-based Management is oriented towards achieving results rather than targeting specific activities and tasks of individual functions. Below are three main process based management methods identified. Most of them are practiced worldwide. 

3.1 Capability Maturity Model integrated (CMMI) 

The Capability Maturity Model (CMM) is a method for evaluating the maturity of software development organizations on a scale of 1 to 5 defined by the Software Engineering Institute (SEI) at Carnegie Mellon University in Pittsburgh, Pennsylvania. The CMM model was upgraded to CMMI model in 2000. Research mentions that it takes eighteen months on average to move up one SEI level, but it has been accomplished in eight months as well. Any software process is dependent on the people who implement it. Therefore, successful accomplishment of each level varies from one organization to another. 

Levels of the CMMI are defined below:

1. Initial – (chaotic, ad hoc, heroic) the starting point for use of a new process. 

2. Repeatable – (project management, process discipline) the process is used repeatedly. 

3. Defined – (institutionalized) the process is defined/confirmed as a standard business process. 

4. Managed – (quantified) process management and measurement takes place. 

5. Optimizing – (process improvement) process management includes deliberate process optimization/improvement. [5]
3.2 ISO 9000 

The ISO 9000 family is primarily concerned with "quality management". ISO 9000 has become an international reference for quality management requirements in business-to-business dealings. This means what the organization does to fulfill:

· The customer's quality requirements, and

· Applicable regulatory requirements, while aiming to

· Enhance customer satisfaction, and 

· Achieve continual improvement of its performance in pursuit of these objectives. [6]

3.3 SPICE - Software Process Improvement Capability dEtermination 

SPICE is a major international initiative to support the development of an International Standard for Software Process Assessment. The project has three principal goals: 
· To develop a working draft for a standard for software process assessment. 

· To conduct industry trials of the emerging standard. 
· To promote the technology transfer of software process assessment into the software industry worldwide.
This standard is published as ISO/IEC TR 15504:1998 - Software Process Assessment.
 An International Standard on Software Process Assessment will deliver the following benefits to industry and software users: 

Benefits for software industry

· Software suppliers will submit to just one process assessment scheme (presently numerous schemes are used) 

· Software development organizations will have a tool to initiate and sustain a continuous process improvement 

· Program managers will have a means to ensure that their software development is aligned with, and supports, the business needs of the organization 

Benefits for purchasers of software

· Purchasers will be able to determine the capability of software suppliers and assess the risk involved in selecting one supplier over another [12]

The above introductions to the three process based development methods shows that two of them are more towards the software projects. The CMMI and SPICE models are built specifically for software development projects. The ISO 9000 series is geared towards any project. Quality management in a software development project very important, therefore many organizations in the software industry will obtain a certification from ISO 9000 series as well. 

4. Software Process models

Software process models define the sequence of activities and criteria for a transitioning from one activity to the next. A process model differs from a methodology in that methodologies define how to proceed through each step and represent the products of each step. A software process model is an abstract representation of a process. It presents a description of a process from some particular perspective. 

In contrast to software life cycle models, software process models often represent a networked sequence of activities, objects, transformations, and events that embody strategies for accomplishing software evolution. Such models can be used to develop more precise and formalized descriptions of software life cycle activities. Their power emerges from their utilization of a sufficiently rich notation, syntax, or semantics, often suitable for computational processing. [11] Some process models are introduced below. 
4.1 Code and Fix Model 

The basic model used in the earliest days of software development contained two steps: 

(1) Write some code.

(2) Fix the problems in the code.

Thus, the order of the steps was to do some coding first and to think about the requirements, design, test, and maintenance later. This model has three primary difficulties:

(a) After a number of fixes, the code became so poorly structured that subsequent fixes were very expensive. This underscored the need for a design phase prior to coding.

(b) Frequently, even well designed software was such a poor match to users’ needs that it was either rejected outright or expensively redeveloped. This made the need for a requirements phase prior to design evident.

(c) Code was expensive to fix because of poor preparation for testing and modification. This made it clear that explicit recognition of these phases, as well as test and-evolution planning and preparation tasks in the early phases, were needed. [2]
4.2 Stagewise Model 

The Stagewise process model was introduced in the 1950’s. As early as 1956, experience on large software systems such as the Semi-Automated Ground Environment (SAGE) had led to the recognition of these problems and to the development of the Stagewise model to address them. This model stipulated that software be developed in successive stages. [2] Stages are as follows:

· Operational plan

· Operational specifications

· Coding specifications

· Coding

· Parameter testing

· Assembly testing

· Shakedown system evaluation

4.3 Transform Process Model

The transform process model assumes the existence of a capability to automatically convert a specification of a software product in to a program that satisfies the specification. There is no spaghetti code because the code is regenerated to satisfy performance and user satisfaction. Some of the problems that are common to this model are that, automatic transformation systems are only available in a limited domain and reuse and integration of COTS software is not supported. [15] Below is a diagram explaining the model further. 
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Figure 3: The transformation development model

The steps prescribed by the transform model are: [2]

· A formal specification of the best initial understanding of the desired product;

· Automatic transformation of the specification into code;

· An iterative loop, if necessary, to improve the performance of the resulting code by giving optimization guidance to the transformation system; 

· Exercise of the resulting product; and 
· An outer iterative loop to adjust the specification based on the resulting operational experience, and to re-derive, re-optimize, and exercise the adjusted software product.
4.4 Waterfall Process Model 

The waterfall model was introduced in 1970 as a refinement to the Stagewise model. During these efforts a few enhancements were added to the model. One was adding recognition of the feedback loops between stages, and a guideline to confine the feedback loops to successive stages to minimize the expensive rework involved in feedback across many stages. The other was adding an initial incorporation of prototyping in the software life cycle, via a “build it twice” step running in parallel with requirements analysis and design. [2] The waterfall model has been the standard approach to software development for over 30 years. Most software acquisition standards used in the US government and industry was based on this model. 

This model represents a workflow through a series of stages or phases, where each phase is completed before moving to next phase. Previous phase is not visited again unless there is an error found in the current phase. 
The criteria for selecting this model for a software development project are: 

· System can be developed with in 12 months.

· No practical break in to builds such as releases.

· Need for timely delivery of the entire system is the driver.

· Developing support software (emulation, simulation, and test) is more than 20% of total development cost.

A primary source of difficulty with the waterfall model has been its emphasis on fully elaborated documents as completion criteria for early requirements and design phases. For some classes of software, such as compilers or secure operating systems, this is the most effective way to proceed. However, it does not work well for many classes of software, particularly interactive end-user applications. Document-driven standards have pushed many projects to write elaborate specifications of poorly understood user interfaces and decision support functions, followed by the design and development of large quantities of unusable code. [2] Furthermore, practitioners expressed that this model was difficult to use because it is linier, rigid and monolithic.
Below is a diagram of the model and its steps. It also shows the additions that were discussed above. 
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Figure 4: The waterfall model of the software life cycle. [2]

4.5 Spiral Model

Introduced in the mid-1980’s, this model is based on experience with refinements to the waterfall model. Each cycle involves a progression that addresses the same sequence of steps for each portion of the product and each level of elaboration. Another advantage of this model is that it focuses early attention on options involving software reuse. It provides a framework for designing software processes that incorporate risk assessment and management into each phase of software development. 

Some of the disadvantages of the spiral model:

· Best used for internal projects such as inside a company – termination of a project causes just a reassignment of the staff.

· In case of contract software development, all risk analysis must be performed by both client and developers before the contract is signed and not as in the spiral model.

· Spiral model is risk driven. Therefore it requires knowledgeable staff.
· Suitable for only large-scale software development. Does not make sense if the cost of risk analysis is a major part of the overall project cost.
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Figure 5: The spiral model of the software process [2]

Summary: A short description is given of software process models and the issues they address. An outline is given of the process steps involved in the spiral model, an evolving risk-driven approach that provides a framework for guiding the software process, a.....

4.6 Evolutionary Model

In this model, a subset of functionality is developed and delivered, which could be considered as the build 0. In future builds, further functionality is added. Each build goes through a complete life cycle of the tailored software activities discussed in the beginning of this article. At a later date, development builds transition to maintenance builds. Below is a diagram that provides a visual idea of the evolutionary development model. 
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Figure 6: The evolutionary development model [9]

It is generally difficult to distinguish it from the old code and- fix model, whose spaghetti code and lack of planning were the initial motivation for the waterfall model. It is also based on the often-unrealistic assumption that the user’s operational system will be flexible enough to accommodate unplanned evolution paths. This assumption is unjustified in three primary circumstances:

· Circumstances in which several independently evolved applications must subsequently be closely integrated. 

· “Information-sclerosis” cases, in which temporary work-arounds for software deficiencies increasingly solidify into unchangeable constraints on evolution. The following comment is a typical example: “It’s nice that you could change those equipment codes to make them more intelligible for us, but the Codes Committee just met and established the current codes as company standards.”

· Bridging situations, in which the new software is incrementally replacing a large existing system. If the existing system is poorly modularized, it is difficult to provide a good sequence of “bridges” between the old software and the expanding increments of new software. 

Under such conditions, evolutionary development projects have come to grief by pursuing stages in the wrong order: evolving a lot of hard-to-change code before addressing long- range architectural and usage considerations. [2]
4.7 Rational Unified Process (RUP) 

Rational Unified Process is a software development methodology from Rational (now part of IBM). RUP organizes the development of software into four phases, each consisting of one or more executable iterations of the software at that stage of development. The goals of each of the phases are: 
Inception Phase 
· Define, review and finalize Vision, Scope and Business Case for the project. 
· Identify all high-level use cases. 
· Develop Use Case development guidelines and model. Develop prototype use cases using one of the key use cases based on the use case model. 
· Develop and finalize the project plan and key project management artifacts – risk management plan, and change management plan. 
· Identify, procure and install required development tools and hardware required to create development / prototyping environment. 
· Define Application Architecture and develop a proof of concept to validate the architectural layers – User Interface, Business Logic Components, Application Programming Interface, OLTP Database and Data Warehouse. 
· Staff project and communicate project roles and responsibilities. 
Elaboration Phases 
· Perform detailed analysis of application requirement. 
· Establish a solid understanding of the most critical requirements. 
· Evolve the requirements and use cases to the '80% point' 
· Elaborate and validate application architecture to ensure that requirements are met. 
· Eliminate high-priority risks via modeling and prototyping 
· Demonstrate, to all project stakeholders, that the architecture supports the project vision and requirements. 
· Review and refine project plan with a focus on construction phase tasks. 
Construction Phase 
· Detailed design and construction of the application – user interface, business logic component and database layers. 
· Validate that the application meets the requirements. 
· Achieve and maintain application quality targets. 
· Test application components. 
· Beta Application User documentation and Online Help developed. 
Transition Phase 
· Initial Product release. 
· Application User Documentation and online help released. [14]

The Rapid Application Development Model [8] and the Agile Development Model [4] will not be discussed in this paper. Instead references are provided to complete the tutorial. 

5. Software Estimation methods

Software estimation is the estimation of development schedules, complexity, productivity and reliability. The software project manager is responsible in figuring the above attributes of a project and also be aware of the current situation of the project at all times. Estimation is very important, as it will help the project in preparing for the upcoming challenges.  Software estimation is a continual process that should be used throughout the life cycle of a project. The software estimation process consists of the following procedures:

· Estimate size

· Estimate cost and effort

· Estimate schedule

· Estimate critical computer resources

· Assess risks

· Inspect/Approve

· Track and report estimates

· Measure and improve the process.
The process activities for developing the size, effort, and cost are shown before the schedule estimate in Figure below, because this is the sequence often used by the cost models. [1]
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Figure 7 Process for software estimate activities [1]

Three major categories of estimation techniques are discussed in this section: Empirical estimation, Regression estimation and Theory-Based estimation. Also the Delphi, Top-down & Bottom-up methods are also discussed. 

5.1 Empirical Estimation Methods

This method is based on estimates on analogy with cost of previously completed projects in the same domain. [15]
The advantages: 

· Based on actual experience

· Can break down cost at detailed level

The disadvantages:

· Not always clear how to compare projects

· May miss differences between project applications & environments

Examples: Checkpoint (Capers Jones)

5.2 Regression Estimation Method

In this method, historical information is used to develop algorithms, which relate cost with one or more software metrics. [15]
The advantages

· Objective, repeatable, easy to use

· Can be calibrated to company or project environment

The disadvantages:

· Inputs may be subjective

· May not handle exceptional circumstances

· May be based on inefficient past practices

Examples: COCOMO (Barry Boehm), REVIC (Ray Kyle) & Function point based method

5.3 Theory-based Estimation Methods

This method is based on underlying theoretical considerations for software development processes. [15]

The advantages

· Repeatable 

· Lots of research

· Get what you pay for

The disadvantages:

· Proprietary

· Expensive

Examples: SLIM (Larry Putnam), PRICE-S (Lockheed Martin)

5.4 Delphi Method

In this method, one or more experts are used to arrive at consensus estimate of the software. This method is also called expert judgment Method. To provide a sufficiently broad communication bandwidth for the experts to exchange the volume of information necessary to calibrate their estimates with those of the other experts, a wideband Delphi technique is introduced over standard Delphi technique. The estimating steps using this method: 

1. Coordinator presents each expert with a specification and an estimation form. 

2. Coordinator calls a group meeting in which the experts discuss estimation issues with the coordinator and each other. 

3. Experts fill out forms anonymously 

4. Coordinator prepares and distributes a summary of the estimation on an iteration form. 

5. Coordinator calls a group meeting; specially focusing on having the experts discuss points where their estimates varied widely. 

6. Experts fill out forms, again anonymously, and steps 4 and 6 are iterated for as many rounds as appropriate. 

The wideband Delphi Technique has subsequently been used in a number of studies and cost estimation activities. It has been highly successful in combining the free discuss advantages of the group meeting technique and advantage of anonymous estimation of the standard Delphi Technique. [16]
The advantages: 

· The experts can factor in differences between past project experience and requirements of the proposed project.

· The experts can factor in project impacts caused by new technologies, architectures, applications and languages involved in the future project and can also factor in exceptional personnel characteristics and interactions, etc.

The disadvantages:

· This method cannot be quantified. 

· It is hard to document the factors used by the experts or experts-group. 

· Expert may be some biased, optimistic, and pessimistic, even though they have been decreased by the group consensus. 

· The expert judgment method always compliments the other cost estimating methods such as algorithmic method. 

5.5 Top-Down Estimation Method 

Top-down estimating method is also called Macro Model. Using top-down estimating method, an overall cost estimation for the project is derived from the global properties of the software project, and then the project is partitioned into various low-level components. The leading method using this approach is Putnam model. This method is more applicable to early cost estimation when only global properties are known. In the early phase of software development, it is very useful because there is not detailed information available. 
The advantages: 

· It focuses on system-level activities such as integration, documentation, configuration management, etc., many of which may be ignored in other estimating methods and it will not miss the cost of system-level functions. 

· It requires minimal project detail, and it is usually faster, easier to implement. 

The disadvantages:

· It often does not identify difficult low-level problems that are likely to escalate costs and sometime tends to overlook low-level components. 

· It provides no detailed basis for justifying decisions or estimates. 

Because it provides a global view of the software project, it usually embodies some effective features such as cost-time trade off capability that exists in Putnam model. [16]

5.6 Bottom-up Estimation Method 

Using the bottom-up estimation method, the cost of each software component is estimated and then combines the results to arrive at an estimated cost of the overall project. It aims at constructing the estimate of a system from the knowledge accumulated about the small software components and their interactions. The leading method using this approach is COCOMO's detailed model. 
The advantages: 

· It permits the software group to handle an estimate in an almost traditional fashion and to handle estimate components for which the group has a feel. 

· It is more stable because the estimation errors in the various components have a chance to balance out. 

The disadvantages: 

· It may overlook many of the system-level costs (integration, configuration management, quality assurance, etc.) associated with software development. 

· It may be inaccurate because the necessary information may not available in the early phase. 

· It tends to be more time-consuming. 

· It may not be feasible when either time or personnel are limited. [16]

6. Tools

Software project management related tools are designed to assist the manager and minimize the amount of time spent in planning and managing the project. The vast majority of the tools available, to aid in software project management, cost a substantial amount of capital. After purchasing the tool, the project managers must spend the time and effort to learn how to effectively use the tool. Therefore, the size, the length and the commitment to the project will determine whether the benefit of such tools outweigh the costs spent on them. Merely buying the tools and expecting them to be used immediately is not feasible.

Since many tools come at a higher cost, the alternative is open source tools, which is the new trend. Using tools to assist a project management effort will help the project succeed, but the time and effort spent on taking the maximum advantage of these expensive tools are not mentioned at most times. Many of the tools listed on the Internet that a software project manger would use will only cover a certain part of their activities. As many tools do not support all the activities a manager does, they typically have to use multiple tools to get their work done. The following is a list of tasks that the manager could use tools for. 

· Bug and defect tracking
· Project estimation

· Project management

· Project scheduling

· Requirements management

· Resource planning and scheduling
List of tools

· Microsoft Project has the largest market share. www.microsoft.com/office/project/default.asp
· Open Workbench is an open source alternative to Microsoft Project, formerly known as Project Workbench from Niku Corporation. www.openworkbench.org
· Milestones Simplicity schedules projects. www.kidasa.com/simplicity
· AMS Realtime is a powerful, easy-to-use tool that provides integrated project, resource scheduling and cost management. It supports the needs of individual project managers and provides consolidation, aggregation, analysis and management through powerful multi-project facilities. http://www.amsrealtime.com/
· Primavera Project Manager http://www.primavera.com/
· @Task is a web-based, allows businesses to define initiatives and projects, automate processes, and distributes real-time data. http://www.attask.com/  

· AceProject is an intranet based, manages multiple projects, track software errors, record time sheets etc. http://www.aceproject.com/ 

· ThinMind provides a web-based, expense, issue, project and time sheet management. http://www.thinmind.com 
Conclusion

Being aware of the available process models and selecting the one that suits your project is one of the key decisions made in software project management. The manager of a software project also needs to estimate various variables of the project. Therefore, the manager needs to be familiar with the estimation methods and which ones to use when. Also at times, more than one estimation method needs to be used to achieve a better idea and an accurate estimation. A software project manager also needs to be able to enforce recognized standards in to daily activities, for higher quality results. Since many tools are available for different activities of a software project manager, they should be selected wisely and made use of properly. 
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