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This chapter:

 identifies the tasks of project management

 explains how to estimate the cost of a software project

 explains how to select tools and methods

 outlines how to choose a programming language

 explains how to plan a development

 suggests how to make teams run smoothly 

1 Introduction

Project management is the activity of trying to ensure that a software development is successful. The meaning of success will differ from one project to another, but it usually includes meeting the deadline, implementing the required features and meeting the budget. Chapter 1 discussed the goals of software engineering (in general) and these often coincide with the goals of particular projects. 

Self Test Question

Identify another typical goal for a software project

Answer

There are various satisfactory answers, including reliability

end

Project management aims to set up an orderly process so that a project runs smoothly from inception to completion. There are a number of different ways of going about this. What is certain is that difficulties and crises will arise during a project. Project management is difficult. Software projects commonly run late, are over-budget and fail to meet the users requirements.

Why is a large-scale software project such a complex task?

 It comprises a number of individually complex and interacting activities.

 It is often carried out by large numbers of people working over lengthy time spans.

 It aims to develop a complex product that should conform to prescribed, sometimes stringent, requirements and standards.

Any project manager has the legacy of bad publicity to overcome - the widespread perception that projects nearly always run over-budget and beyond deadline. There is no doubt that this is due to the near-impossibility of predicting in advance how much effort is required to develop software. Estimates are commonly too low; the result is embarrassing.

The problems are compounded by the knowledge that there are immense differences between individual developers - it is common to see a 20-fold difference in productivity between individual developers in the same organization. If you estimate the development time for a software component and then assign the job of designing and coding it to an individual, you have no real idea of how long it should take or will take. This is a nightmare situation for any project manager.

The problems are not helped by the available software engineering techniques. What a manager wants is a well-defined method, with clear products delivered at short intervals. With such a weapon, the manager can closely monitor progress and, if necessary, do something about it. Regrettably, no such technique exists. Instead it is common to experience the well-known "90% complete" paralysis. The manager asks the engineer about progress. The engineer replies "fine - it is 90% complete". Reassured the manager does nothing. A week later, they ask the same question and receive exactly the same reply. And so on. Given the nature of software development there is no good way in which the manger can verify whether the report is accurate or misleading. The schedule slips, out of control.

2 Project Inception

At the outset of a project, management involves the following tasks:

1 establishing the goals of the project. What are the priorities – is it meeting a deadline? Is it high reliability software? Or what?

2 choosing a process model

3 estimation - estimating the effort required (person months), the duration of the project and its cost

4 choosing appropriate techniques and tools that ensure that the software product attains its required quality factors.

5 setting up the team, organized in way that they can communicate effectively in carrying out the different parts of the development work.

6 planning - scheduling deliverables, milestones, allocating people to the project

Self Test Question

Check whether these tasks are needed for a project to prepare a meal, carried out by a group of people.

Answer

yes.

End

As we have seen, a process model is a model for the framework or plan for a project. Individual tasks, tools and techniques fit within this overall skeleton. Earlier in this book, we described a number of process models – waterfall, incremental, prototyping, open source, agile methods and the unified process. The project manager can choose between these, or create her own.

Similarly the project manager needs to select a package of techniques and tools that fit within the process model. These techniques are what the main part of this book is all about. For example, a decision has to be made about the choice of programming language.

Different organizations of teams were reviewed in chapter ?? on teams.

Project management usually involves monitoring and control: monitoring ascertains what is happening. Then control remedies things that are going wrong. In order to monitor a project, what is happening must be visible and therefore reliable information about the state of the development must be available. 

Another important task associated with project management is people management – dealing with people’s needs, behavior and foibles. This involves trying to ensure that people are well motivated. At the end of this chapter, we look at ideas for influencing the behavior of a development team.

3 Cost Estimation

The classic way of estimating software costs is to guess a figure, double it and hope for the best. A better way, often used, is to check out whether the organization has carried out a similar project and use the actual figures from that project as a basis for the estimate.

Early methods for cost estimation rely on being able to guess the eventual size of the software. The effort is then derived from this figure. The steps are:

1. guess the size of the product (measured in lines of code)

2. divide by a factor (say 40) to give the effort (measured in person months)

However, this simply shifts the difficulty from one intractable problem (estimating cost) to another (estimating lines of code). 

Self Test Question

It is estimated that size of some software will be 10,000 lines. The productivity of the organization developing it is 100 lines per week. Calculate the effort required.

Answer

10,000 / 100 = 100 person weeks

This is more than 2 person years, allowing for time spent on activities such as vacations and training.

End

The most recent methods recognize that a number of factors affect the required effort:

 size of the product

 difficulty of the project

 expertise of the developers

 effectiveness of tools

 how much software can be reused from elsewhere

At the outset of a project, it is impossible to estimate the development effort. If someone says "we want to develop a new word processor", the requirement is so vague that any estimate of effort is meaningless. It is not until requirements analysis is complete that some estimate can be made. Thus in a word processor, for example, it is relatively easy to assess the effort required to write the software for one small function - such as to save text in a file. Even then, there are too many uncertainties to make an accurate estimate. It is only as the project continues that the situation becomes clearer and more accurate estimates can be achieved. 

Nonetheless, it is often necessary to make an initial estimate of software cost so that a decision can be made about the feasibility of the project. This is sometimes called investment appraisal or a feasibility study (chapter 3). An estimate of the software development cost is compared with the financial value of the benefits that will accrue. If the benefits are greater than the costs, the project goes ahead; otherwise it is canceled. This makes sense until you realize that a crucial decision depends upon an estimate that is almost impossible to make.

A well-known approach to cost estimation is the COCOMO (Constructive Cost Model) approach, developed by Barry Bohm. This suffers from the drawback mentioned above - the cost estimate is based on a size estimate. However, the most recent version of this approach, COCOMO 2.0, adopts an approach similar to the next method we will describe.

Probably the best approach to cost estimation is called function point analysis. It assumes that the effort required to develop a piece of software depends on what the software does - the number of functions it implements. Function points are another name for use cases that we met in chapter ?? on requirements.

Let us consider for example an information system that allows the user to browse information and update information held in a database. The system holds information about the employees in an organization. A screen is to be implemented that allows information about a single employee to be displayed. This is one of the function points of the system. Because this is a small task and we can visualize the implementation, we predict with some confidence that the effort required will be 1 person month. This includes clarifying the requirements, creating the specification, testing and validation. Obviously there will be other screens available to users - for example a screen to change the details of an employee. The number of functions is measured by the number of screens available to the user and the development effort is proportionate. Thus for 6 screens, we estimate 6 person months.

But where does the figure of 1 person month per function point come from? The assumption is that we can accurately predict the effort to implement a fairly small function. But this figure is likely to differ from one organization to another, depending perhaps on the general level of expertise within the organization. To obtain the appropriate factor, a calibration needs to be carried out within the particular organization. This means measuring the development effort on an initial series of projects to obtain an average figure. This might be 0.75 person months per function point. Whatever the factor, the assumption of this prediction model is that the effort is proportional to the number of function points, and the number of function points is determined by the number of screens.

There are, however, additional considerations - we have neglected to consider the effort to design and access the database. For each table in the relational database we add 1 to the count of function points and therefore an additional person month to the total effort. As part of the information system, reports are probably required - on-screen and on hard copy. Again, for each report we add 1 to the count of function points.

In summary, the count of function points is the sum of:

 the number of data input screens

 the number of data display screens

 the number of database tables

 the number of reports

 the number of interfaces with other software systems

Perhaps the system is implemented across a network of PCs, linked to a server that maintains the database. This involves extra complexity and therefore effort. A complexity multiplier of, say, 1.6 can be applied to the effort figure to take account of implementation complexity.

Finally, the new software may be able to re-use software either from a library or from earlier projects, thus reducing the development effort. This can be estimated by deducting the proportion of the software that is being implemented by re-use.

Thus the function point approach caters for factors including the size of a project, the expertise of the developers, the power of the software tools, the complexity of the implementation and the degree of re-use. Most of the factors need to be calibrated within the context of a particular organization, with its own staff expertise, tools and methods.

The function point estimate method uses as its foundation a knowledge of the number of functions that the software needs to provide and this is based on the number of input and output activities. These are sometimes not precisely known at the outset of a project, but become clearer during requirements analysis.

Although software cost estimation models such as this attempt to take account of all relevant factors, they are notoriously inaccurate in their predictions. There are a number of reasons. One problem is that assigning the same weighting to all function points is very crude. Another difficulty is that there are widely different productivity rates amongst developers.

Self Test Question

Estimate the effort to develop the above system, assuming 6 screens, 4 database tables, 2 reports, no interfaces to other systems, 1 person month per function point, no software re-use, a difficulty factor of 1.5 because it is a web based solution.

Answer

The number of function points is 12

gives 12 x 1 = 12 person months

multiplied by the difficulty factor of 1.5 gives 18 person months

End

4 Selecting Tools and Methods

You are the manager of a software development project. What tools and methods would you select for use? How can you go about deciding whether a particular tool or method is worth using? What you need to select is:

· a process model

· a plan for requirements engineering

· an approach to architectural design

· a programming language

· a test strategy
· a plan for validation (ensuring requirements are met)

· a team organization

It would be nice to have good objective information about the relative merits of all the various techniques. Chapter ?? looks at ways of assessing techniques, but unfortunately the results from practical studies are not generally helpful.

While the technical merits of development methods are important, it is often practical considerations that determine which development approach is used. Examples are:

· the available computer facility only supports specific tools and languages

· the price of software tools associated with a specific method.

· a method is inapplicable to the domain and can therefore be disregarded. For example, prototyping is not usually of any use in developing scientific or mathematical software. 

· the customer demands the use of particular methods. For example a military client might insist on the use of Ada.

· any software development organization has expertise in particular tools and methods. It also has its own standards and procedures. These are huge investments. A project manger within an organization must usually adhere to local methods and standards.

If the decision is taken to introduce a new method, training effort and time will be needed. Training costs typically include buying training and the time that developers spend away from productive work. But that is not all - while a new technique is being adopted, the organization is still learning and therefore productivity slumps - at least temporarily.

5 Selecting a Process Model

Arguably this is the single most important decision of a project, since it dictates the whole strategy of the project. Here is a prescription for how to make this decision, using a fairly objective process:

1. identify the characteristics of the project

2. score each available process model against the characteristics

3. the method with the highest score wins.

We will now look at these stages in more detail.

The first step is to analyze the characteristics of the project. These must reflect the nature of the software to be developed, the customer and the organization developing the software. Assess each characteristic of the project. Here is a suitable checklist of characteristics:
· are the requirements well-established, or ill-defined?

· are the requirements fixed, or likely to change as the project progresses?

· is the project small to medium-sized (up to 4 people for 2 years) or large?

· is the application similar to projects that the developers have experience in, or is it a new area?

· is the software likely to be is it straightforward or complex (e.g. does it use new hardware) ?
· does the software have a small easy user interface or a large complex user interface?

· must all the functionality be delivered at once or can it be delivered as partial products?
· is the product safety critical or not?

· are the developers largely inexperienced or mainly experienced?

· does the organizational culture promote individual creativity and responsibility or does it rely on clear roles and procedures?

Placing these in a table, we get:

	Project

Characteristic
	if true, score 1
	if true, score 1

	requirements clarity
	well-established
	ill-defined

	requirements change
	fixed
	changeable

	project size
	small to medium
	large to huge

	application
	familiar
	new

	software
	straightforward
	complex

	user interface 
	simple
	complex

	functionality
	all at once
	partial

	safety critical
	no
	yes

	developer expertise
	largely inexperienced
	largely experienced

	culture
	freedom
	order


Let us consider the development of the ATM software (appendix A). Making some assumptions about the nature of the development team, we can record the characteristics as follows:

	ATM project

Characteristic
	score
	score

	requirements clarity
	1
	0

	requirements change
	1
	0

	project size
	1
	0

	application
	1
	0

	software
	0
	1

	user interface 
	0
	1

	functionality
	0
	1

	safety critical
	1
	0

	developer expertise
	0
	1

	culture
	0
	1


The next step is to identify candidate methods. Consider a method and score its effectiveness against each characteristic. Use a numerical score of 0 or 1. (0 means of inappropriate, 1 means completely appropriate). 

Let us look at an example of a process model - say the waterfall. Assessing its merits under this same scheme, we get the following table. (Note that a score of 1 in each column a single row can be appropriate.)
	Waterfall

capabilities
	score
	score

	requirements
clarity
	1
	0

	requirements

change
	1
	0

	project size
	1
	1

	application
	1
	0

	software
	1
	0

	user interface 
	1
	0

	functionality
	1
	0

	safety critical
	1
	1

	developer expertise
	1
	1

	culture
	0
	1


Next we calculate an overall figure for the applicability of a method, by multiplying appropriate values form the two tables. For the application of the waterfall model to the ATM project we get an overall score of 7 (out of a maximum possible 10)

Now we can go on to perform the same steps for any other candidate process models. Finally, the best score determines which method is chosen.
Clearly there are snags with this crude numerical approach. For example, all project characteristics are equally weighted. Also, there are other characteristics that could be identified.

6 Choosing an Architectural Design method

Different methods for architectural design adopt different approaches to modeling. The following table shows the modeling techniques described in this book:

	technique 
	models

	functional decomposition
	functions that the software is required to provide

	data structure design
	structure of input and output data 

	data flow design
	flow of data within the system

	object-oriented design
	objects in the specification

	use an off-the-shelf pattern
	practical experience


The $64,000 question is: which is best?

One way to answer this question is to pose the following question: which aspect of a system is most stable, least likely to change. Things always change during maintenance because the users requirements will probably change. But change also takes place during development - again the users requirements will probably change. So which architecture will be most resilient? Which software architecture will need the minimum of change?

Function-based modeling is very appealing. If we look at any of the sample specifications given in appendix A, we can see that features or functions play a major role. Starting with functions seems very natural - after all the purpose of a system is to perform a set of functions. But some people argue that any structure based on function will be the most vulnerable. This is because the first thing that is likely to change is what functions are to be provided for the user, so the structure must change. This argument attempts to kill off functional decomposition. But, in some applications, such as numerical computation, the algorithm is at the centre of things and therefore functional decomposition may be the most relevant approach. Put another way, it is difficult to see how OO design could be used to design software to calculate a square root using some iterative process.

Function-based modeling has a role in use case based design (chapter ??). Here some initial tentative OO design is created. Then use cases are implemented, one by one, using a function-based approach, accompanied by energetic refactoring (adapting the structure to eliminate duplication and improve elegance).

What about data structure design (chapter ??)? Are there any applications in which the structure of the data dominates? Yes, certainly, in some specialized applications such as compiler writing, analyzing HTML or XML. Suppose that the data structure changes, how robust is the architecture? The answer is that the any change is commensurate with the degree of a change in the data structure; a small change will imply a small change.

Data flow design (chapter ??) started life as a technique for modeling the flow of documents in an office - the manual version of an information system. Thus there is an existing structure to model. But there is a difficulty with this approach: if data flow design is applied to new software, how do we identify the flows and the transformations? It is not necessarily obvious. And once we have created an architecture, how can we be sure that it is robust? Perhaps the greatest benefit of this approach is that it leads to pipe and filter type architecture, that is highly modular and is easily implemented on Unix machines.

The OO design (chapter ??) advocates claim that they win the argument. They say that modeling a real-world system is the most robust approach. They mean that they want to model, or simulate the objects in a system such as an elevator, an ATM, a word processor. Once the model has been designed, it is connected to the user by attaching probes and commands to display information and to control the model. These are the functions of the software system.

There is, of course, an implication here - that the OO model contains all the ingredients that are needed to provide the desired functionality. Designing a model establishes the set of concepts that form a basis for the functionality. For example, in a library information system, if the model describes borrowers, books, lending, and returning, the system will be capable of providing a variety of functions that use these concepts.  The OO people argue that if the functions change, then the model may not have to change. (While if the functions change in a system modeled on function, the system must change.) In summary, OO people quote the slogan "model is more stable than function".

The last approach on the list is one that simply uses a standard pattern, such as the tier pattern for architectural design (chapter ??). This particular pattern derives from the structure of many distributed applications - UI layer, business logic layer and database access layer, dividing the software into components with distinct functions.

So how to decide which approach to use for architectural design? The answer is to use the approach that best matches the problem to be solved.

7 Choosing the Programming Language

Some people argue that the choice of programming language has only a small influence on the success of a software project. They assert that the coding phase of development is much less important than the design stage. They also argue that desirable programming concepts can be implemented (with care) in any programming language - even, perhaps, assembler language. Other people claim that the features of an implementation language can have a profound effect on the success or failure of a project. They argue that the language must match the ideas used during design (for example, encapsulation). They suggest that if the language embodies the required ideas, then the compiler can carry out checks that would be otherwise impossible. Further, when maintenance comes, the language is assisting in understanding the software.

In the early 21st century, the major programming languages that are used for software engineering are Ada, C++, C#, Visual Basic.Net and Java. Ada was designed for use by the USA DoD (Department of Defense) for use primarily in real-time embedded systems. C++ evolved from the widely used C language, adding OO features to it. Visual Basic started out as a toy, to become a widely-use tool for serious Windows-based applications. Java emerged as a secure and portable language with netcentric features. Scripting languages (chapter 18) are important in their appropriate domain.
Chapters 14, 15 and 16 reviewed the features of programming languages. Any language for serious use in software engineering must now provide OO features. Ada, C++, Visual Basic .Net, C# and Java are OO languages and this aspect of languages is discussed in chapter 15.

Fashion plays a role in determining which languages become widely used.

Mandatory adoption by a powerful government agency (as in the case of Ada) also obviously affects adoption. Decisions by the U.S. government to support Cobol and, more recently, Ada, considerably influenced the acceptance of those languages.

The selection of a programming language for a particular project will be influenced by many factors not directly related to the programming language itself. For example, many organizations have a substantial investment in a particular programming language. Over a period of time, hundreds of thousands of lines of code may have been developed and the programming staff will have built up considerable expertise with the language. In such a situation, there is often considerable resistance to change even if a 'superior' language is available. 

There are other factors that can influence programming language selection. The software developer may be bound by a contract that actually specifies the implementation language. 
Support from suppliers of major software components, such as language compilers and database management systems, will influence language selection for many developers. If an apparent bug appears in a compiler, for example, they need to know that they can pick up the telephone and get the supplier to help them.

Similarly, the availability of software tools such as language-sensitive editors, debugging systems and project management tools may favor one programming language over another. The provision of integrated software development environments which combine the programming language with a set of development tools, such as debuggers, browsers and version control tools, has an influence on language selection.

The target platform (hardware and operating system) may prohibit the consideration of some languages. For example a Unix system will probably not run C#.

Finally, if high performance or access to low-level machine features are important, it may be that the language chosen must provide them. Thus software such as device drivers and computer games are commonly written in C or C++.

8 The Project Plan

A project manager must create a plan for a project that specifies:

 the final deadline

 detailed tasks

 intermediate milestones

 the deliverables at each stage

 who is involved and when

 when project reviews are scheduled

 the dependencies between the stages of the project

This plan must take account of the process model, the total predicted effort, the tools and methods, the team organization, and the expected final deadline.

The first and crucial step is to identify the major activities that are necessary. For example, if the waterfall model is adopted, these are requirements analysis, architectural design, coding, unit testing, system testing. An estimate of the person weeks for each of these stages is made. (It should add up to the total estimate for the project.) Next, these major stages are broken down into smaller tasks, and figures for effort assigned. This planning is not easy and is, at best, tentative because it makes assumptions about the outcomes of important design decisions which have not yet been made. Finally, the relationships and dependencies are specified. For example, coding of a module comes before testing it.

The product of this planning is a detailed plan that shows all the activities that are needed, the effort required for each and the dependencies between the activities.

There are a number of notations, diagrams and tools that can assist in documenting a project plan:

 Pert (Project Evaluation and Review Technique) chart - shows activities and their inter-relationships

 Gantt chart - shows resources (people) and what they are doing

 Microsoft Project - a software package designed to assist in project planning and monitoring

 a spreadsheet package - can be used to describe a project plan, maintaining figures about tasks, their likely duration and their actual duration.

A Pert chart (drawn on paper, a whiteboard or using a software tool) shows the stages of development, their interdependencies and the milestones. Each activity is shown as a line, with time proceeding left-to-right. An individual activity, for example, the requirements engineering stage can be shown as:

1. needing an effort of 4 person months

2. starting 1 April

3. ending 31 July

A Pert chart shows dependencies - for example that architectural design must be completed before detailed design. Parallel activities, such as designing two components at the same time, can also be shown. A Pert chart like this allows the critical path to be identified easily. This is the path through the chart that determines the overall duration of the project.

During the course of the development, progress of the project is monitored and compared with the Pert diagram. Should any stage take longer or shorter than planned, the diagram is updated to reflect the new situation. 

9 In the heat of the project

At the outset of a project, the requirements for the system are usually vague and ill defined. In consequence, any planning is at best tentative. As the requirements become clearer, more meaningful and accurate plans can be made. Re-planning - re-estimating and rescheduling - is needed to adjust previous estimates as more accurate information emerges as the project proceeds.

People will leave the project because of new jobs, maternity leave and illness.  Tasks will often overrun their schedule. Additional or changed requirements will be requested. These all require adjustments to the plan.

All of the above present enormous challenges. It is not uncommon to see panic set in as deadlines are missed and the project seems to be off course. The trick is to recognize at the outset that these things are going to happen - and plan for them. And it is vital to remember Brooks' famous advice "adding people to a late project will make it later".

If an initial plan is inflexible, it is difficult to adapt when something unexpected happens. Conversely, if the plan is flexible, change can be easily accommodated. This where cumbersome approaches reveal their limits, while agile methods are deliberately designed to be adaptive. Incremental methods are also good at coping with risk because development takes place in small steps.

Let us consider some likely and realistic scenarios.

First scenario: someone quits the project. If there is someone else available within the organization (a big assumption), they can take over. They will need to learn about the project and their particular role. So, even if things go smoothly, time is lost. But it could be that no one is available to take the vacant position. The choice is between abandoning the work, switching someone or delaying deadlines. If someone is switched, something else gets abandoned, so the problem is merely passed around. Thus some hard decisions have to be made.

There are approaches that can help in a situation like this. They use a process model that involves small steps. These tasks are typically as small as an hour or a day. If something goes wrong with a small task, it can easily be rectified. But if something goes wrong during a task that takes months, it is hard to fix.

Second scenario: a task takes longer than expected or will take longer than expected. This similar to the above case, but here the developer is still around. If the activity is on the critical path, the deadline has already been missed. There is a huge temptation either to put additional people on the project or to ask the current people to work extra hours or to ask everyone to work faster. But it is dangerous to give into any of these tactics. The likelihood is that, later, another task will overrun, compounding the problem.

Here, again, if the tasks are small, the damage is small.

Third scenario: the client asks for changes. The scale of changes must, of course, be assessed. However, it is unlikely that the effect is to reduce work. More likely, additional work is needed to provide additional functionality. Worse, significant changes are needed to existing design and code. Now it natural to want to please the client, and it may be that the new work is full of interest and challenge. But the only answer here is to confront the client with the effects on cost and deadlines. Then the client can decide whether to pursue the change, and incur the penalties or perhaps substitute the new request for an old. 

Self Test Question

A meal is in preparation. It looks as if it will be late. What do you do?

Answer

Ascertain whether a reduced meal of adequate quality can be produced in the available time. Otherwise, tell the diners that the meal will be late.

End

10 Managing People

Software is created by living, breathing people. However splendid the tools and techniques, software development relies on human creativity. There have been many attempts to analyze the problems of software projects and suggest informal ways of creating a successful project team. However well organized the team, there are always informal processes at work – both individual and group. A project manager needs an awareness of these processes and needs to know what can be done to avoid weakening a team and what can be done to improve a team.

One extreme school of management sees people are inherently lazy and need to be controlled. They need to be told clearly what to do, frequent deadlines, threats of the consequences of poor performance. The opposite is the belief that people are motivated by rewards such as respect, praise, money.

Any project faces the dilemma of control versus autonomy. Can the team members be trusted to do a good job, with the minimum of supervision? Are mechanisms required to ensure that team members are performing? In a factory production plant, such as a car assembly line, the task that each team member performs is rigorously specified, and timed to a fraction of a second. The degree of control is total; high levels of productivity and quality are virtually assured. By contrast, an artist who creates a painting has complete autonomy; deadlines and quality are by no means certain. Developing software probably fits somewhere between these extremes, with a need for some autonomy and some control.

So, on the one hand, a heavyweight technique can be used. Processes are well-defined and reporting is frequent and stringent. The waterfall model has these characteristics – it consists of well-defined steps, each of which leads to a well-defined product. Here there is minimal dependence on the individuals skill.

On the other hand, a lightweight technique can be used. Processes are ill-defined and reporting is less frequent. An example is open source development. Here the skills of the individuals are vital.

Another factor is the individual variability between software developers – some are fast and effective; some are slower and less effective. If we assume that this is crucial, then the logic is to hire only good developers and fire (or avoid hiring) bad ones. On the other hand, we could accept diversity and plan accordingly.

Self Test Question

You are part of a group, preparing a meal. You know that someone works slowly. What do you do?

Answer

You could put them under pressure, hoping they will deliver on time. But, perhaps better, you could accommodate their work rate in the planning.

End

There are no clear answers to these dilemmas. But, if we believe that developers must be respected, there are some things that should be avoided and some that are worth trying.

First, some ways in which a management can weaken a team are:

SYMBOL 183 \f "Symbol" \s 12 \h
show distrust of the team

SYMBOL 183 \f "Symbol" \s 12 \h
over-emphasize the paperwork, rather than creative thinking

SYMBOL 183 \f "Symbol" \s 12 \h
scatter the team members in different locations

SYMBOL 183 \f "Symbol" \s 12 \h
ask team members to work on a number of different projects (functional team), rather than focusing on the particular project (project team)

SYMBOL 183 \f "Symbol" \s 12 \h
press for earlier delivery at the expense of reducing the quality of the software

SYMBOL 183 \f "Symbol" \s 12 \h
set unrealistic or phony deadlines

SYMBOL 183 \f "Symbol" \s 12 \h
break up an effective team

Some management approaches for enhancing team activity are:

SYMBOL 183 \f "Symbol" \s 12 \h
emphasize the desirability of the quality of the software product

SYMBOL 183 \f "Symbol" \s 12 \h
plan for a number of successful completed stages (milestones) during the lifetime of the project

SYMBOL 183 \f "Symbol" \s 12 \h
emphasize how good the team is

SYMBOL 183 \f "Symbol" \s 12 \h
preserve a successful team for a subsequent project

SYMBOL 183 \f "Symbol" \s 12 \h
reduce hierarchy in the team, promoting egalitarianism, placing the manager outside the team

SYMBOL 183 \f "Symbol" \s 12 \h
celebrate diversity within the team members

11 Summary

 software project management is difficult

 project management involves selecting a process model, a team organization, tools and methods

 one approach to estimating the cost of a software system involves counting function points
 planning involves deciding on milestones and scheduling tasks amongst people
 the informal aspects of team working during software development can be as important as the technical aspects

Further reading

A good collection of articles on project management is presented in:

Software Engineering Project Management

Richard H. Thayer (Editor), Winston W. Royce, Edward Yourdon

IEEE Computer Society 1997

This is a useful paper on how to select a process model for a project

Criteria for selecting software process models
Alexander, L.C., Davis, A.M.,

Computer Software and Applications Conference, 1991. COMPSAC '91, Proceedings of the Fifteenth Annual International, 1991
This book helps the project manager choose between a heavyweight or a lightweight approach (or some amalgam of the two). Most comprehensive.
Balancing Agility and Discipline: A Guide for the Perplexed

Barry Boehm and Richard Turner, Addison-Wesley, 2003
This book is a readable and practical discussion of dealing with software costs:

Estimating Software Costs
Capers Jones, T. Capers Jones

McGraw Hill , 1998

The seminal book on software cost estimation is still the classic:

Software Engineering Economics
B W Boehm, Prentice Hall, 1981

This view is updated in:

Cost models for future life cycle processes: COCOMO 2.0
Boehm B, C Clark, E Horowitz, C Westland, R Madachy, R Selby. Annals of Software Engineering, 1(1), 57-94, November 1995.

This account of the development of Windows NT reads like a thriller and has significant lessons for software developers. It charts the trials, tribulations and the joys of developing software.

Showstopper
Pascal Zachary, Warner Books, 1994

This book has the subtitle Practical Strategies for Staying Focused, Hitting Ship Dates and Building Solid Teams. Life within Microsoft and the lessons that can be learned are well-presented in this readable book.
Debugging the Development Process

Steve Maguire, Microsoft Press, 1994

Accounts of failed projects are given in:

Software Failure: Management Failure: Amazing Stories and Cautionary Tales, Stephen Flowers, John Wiley 1996

and in

Software Runaways
Robert Glass, Prentice Hall, 1998.

The classic book that deals at length and in a most interesting way with the informal, social aspects of working in a team. It is a most enjoyable read.

The Psychology of Computer Programming
Weinberg G Van Nostrand Reinhold N.Y. l971

This is the classic book on the problems of running a large-scale software project. Worth reading by anyone who is contemplating leading a project. There is a section on chief programmer teams. This is a classic book, revisited in a celebratory second edition with additional essays.

The Mythical man-month
Frederick P Brooks Addison Wesley Publishing Company, 2nd edition 1995.

A most readable book about the informal processes that are at work in software development and how teams can best be organized:

Peopleware. Productive Projects and Teams
Tom DeMarco and Timothy Lister, Dorset House Publishing Co., 1987

There is a whole host of management books - serious and popular - about how to run teams and projects. Many of the ideas are applicable to software projects. This is one example, actually about software development, with lessons learned at IBM. It covers recruitment, motivation, power struggles and much more.

Managing Technical People
Watts S Humphrey, Addison-Wesley, 1997.

Exercises

1 Suggest facilities for a software tool that supports the planning and monitoring of software project activities.

2 Draw up a plan for the following software development project. Document the plan as a Pert chart, in which each activity is shown as an arc, with a bubble at its starting point (the event which triggers the activity) and a bubble at its completion (the event which concludes the activity). The plan is to adopt the waterfall model. The development must be completed in 2 years. The following activities are envisaged:

1. requirements analysis - 4 person months

2. architectural design - 3 person months

3. detailed design - 4 components, each at 6 person months per component.

4. coding - 2 person months for each component

5. unit testing - 6 person months for each component

6. system testing - 6 person months

How many people will be required at each stage of the project to ensure that the deadline is met?

3 Suggest features for a software tool to support software cost estimation.

4 You are the manager of a software development project. One of the team members fails to meet the deadline for the coding and testing of a component. What do you do?

5 You are the project leader for a large and complex software development. 3 months before the software is due to be delivered, the customer requests a change that will require massive effort. What do you do?

6 For each of the systems in Appendix A:

 suggest a process model

 predict the development cost

 suggest a team organization

 suggest a package of tools and methods.

27

