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software engineering

1.  Overview

introduction
1. Moore’s Law states that the number of transistors which can be put on a chip for the same price doubles roughly every 18 months. This has been true for several decades and the semi-conductor industry makes considerable investments to ensure that it will still be true in the near future. As a consequence, computers in one form or another have penetrated every aspect of our lives. They sit around us in both obvious and hidden forms. Where once we had typewriters, now we have word-processors; where once children’s toys had clockwork, now they have electronics. 
2. Our PCs are only the most visible evidence of this change: we understand that the PC is a general purpose device which can be tailored to a particular purpose by running a new program. However, almost all of the electronic devices that we use are now constructed in the same way. The mobile-phone, gas-meter, cable-TV box, car engine-management system, all use a general-purpose computer running software which turns it to a particular purpose. So our lives now rely on software to a vast extent: it is not an exaggeration to say that our health, comfort and even survival now depends upon the software running on the many computers which influence our lives.
software engineering
3. The term “Software Engineering” was coined as a deliberately provocative element in the title of the NATO-sponsored 1968 “Software Engineering Conference”. Before that date no one had used the term; afterwards it was popularised as a term to denote a more professional and dependable discipline for the creation of computer programs, but without clear acceptance of what distinguished software engineering from mere computer programming.
4. There was considerable disagreement at the 1968 conference and in the years afterwards as to whether software should properly be regarded as a branch of engineering at all. The creation of software is essentially a craft skill, not easily mechanised and whose results are not easily predictable. The Association for Computing Machinery (the association of computing professionals in the United States) withdrew in 2000 from an effort to define a standard body of knowledge for software engineers, which would have led to certification and compulsory licensing, stating:
“the framework of a licensed professional engineer, originally developed for civil engineers, does not match the professional industrial practice of software engineering. Such licensing practices would give false assurances of competence even if the body of knowledge were mature; and would preclude many of the most qualified software engineers from becoming licensed.” (ACM, 2000)
5.  The results of a software development project depend more upon the expertise of the developers and on the quality of their personal relationships than on formal techniques. In the years since 1968, there have been occasional claims to have found a panacea for software development problems, but it is generally acknowledged that there is no “silver bullet”, no technological quick fix. Instead, developers have assembled a modest collection of organisational techniques known as “processes” or “methodologies”. These are summarised in this document.
small scale software development
6. Developing software on a small scale is much like any other manufacturing craft skill where problem-solving is an essential part. A cycle of activities for problem solvers is described in “How to solve it” (Polya, 1945). The cycle of activities can be summarised as follows:
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Fig 1  The problem-solving cycle

7. Usually, this cycle starts in the top left quadrant:

a. Requirements. First you have to understand your problem. What real-world problem do you want to solve? What will be improved about the world when you are finished? What is it that you want to build? What will that artefact do?

b. Design. Next you must make a plan. How can you build something to achieve what you want? What materials and components should you use? How will they be assembled? How reliable will it be? Will you be able to change it later? What about maintenance? 

c. Implementation. Carry out the plan. If you are an expert this may be straightforward, if not, you may have several false starts. If you were thoughtful, you will have formed a plan with your own expertise in mind, and chosen materials and techniques with which you are comfortable.

d. Evaluation. Look back on your work. How could it be better? Did you manage to execute your plan? Did you build what you intended to build? Did you solve your real-world problem?

8. As the diagram implies and Polya’s book states, solving a problem may take many cycles, going around again and again. For example, if the original problem was too difficult to solve in one go, Polya suggests breaking it into a number of smaller pieces, attacking one of the pieces and if you are successful, then taking a look at the whole problem again, now that it is slightly smaller. Alternatively, a related problem may spring to mind, and if you can solve that perhaps you will be able to apply the knowledge to your original problem. Often we discover an unforseen sub-problem, especially when it comes to implementation, and we have to further apply our problem-solving method to solving that sub-problem before we can finish our original problem solving cycle.

Student Exercise 1.1:  Think of a DIY problem you have had. How does what you did correspond to the steps described above? Did you go around the cycle more than once?

9. Developing software on a large scale entails similar cycles of problem-solving activity, but now spread out over months and years rather than minutes. A vast amount of effort must be expended in coordinating the activities of a large number of people, over and above the effort needed to create the software itself. This effort usually makes itself visible in tangible artefacts such as requirements documents, design documents, test plans, fault reports, schedules, milestones and so on. (Remember that the final software only depends directly on the source code which is written by programmers. All these other documents are merely a necessary operational expense which must be incurred to ensure that the correct source code can be written.)
what is software?
10. When civil engineers build a bridge, the result is an obvious, tangible thing. We feel that we understand what they do because of the solidity of the results. Software, on the other hand, has a will-o-the-wisp quality, requiring enormous efforts to produce disappointingly intangible results. The software engineer’s craft seems more mysterious as a consequence. To some extent this dichotomy is an illusion: how well do you really understand what a civil engineer does in their day-to-day work? Just because you feel some intuitive understanding of bridges doesn’t mean that you have any clear idea about what bridge builders actually do. On the other hand, the routine success of bridge builders stands in contrast to the routine failure of software developers and seems to indicate that there must be some difference.

11.  What is software? A program is often explained as a sequence of instructions for a computer to follow, much as a recipe is a sequence of instructions for a cook to follow. However, unless you already understand software this is a little misleading, since it leaves out the vital point that computers have absolutely no common sense. Imagine writing a recipe where, rather than saying “add three eggs”, you would have to give a method for reliably distinguishing eggs from any other object, say where to find them, how to hold them, what “add” means in this case, how to break them, where to put the shells afterwards, how to mix them into the other ingredients, and so on. And you would still be relying on other programmers having written more code that you could call on, general-purpose instructions for how to pick things up, how to walk, how to wash your hands and so on. Computers can do nothing without being explicitly told the most trivial details.
12. A better analogy than a recipe would be to say that a program is like the parts list and assembly instructions for a large and complicated clock. The clock is the mechanism that we want to exist, but as a programmer we do not get to build it directly. We must give the computer our parts list, and it uses our assembly instructions to build the clock which it then sets going. We merely get to observe the operation of the resulting mechanism. This perhaps goes some way to explain the fragility and unpredictability of software. Often it is only by observing the mechanism in operation that we can tell whether it will do what we wanted. Sometimes there will be an error in specifying a part, sometimes an error in our assembly instructions, sometimes a more subtle misconception about how two parts will interact. It is rarely obvious from looking at the parts list and assembly instructions which, if any, of these errors will occur, or when. Sometimes faults will make themselves evident immediately, sometimes they will remain hidden for years. And so it is with programs.
software products
13. A delivered program is the key part of a software product, but it is rarely the only part. A software product will also involve a substantial amount of documentation:
· Users may need to have the operation of the software explained to them, particularly how to achieve the things that they routinely need to do. This explanation may be in the form of a user manual or a help-file, or it may take the form of videos or classroom training sessions.
· Technical support staff will need to know how to configure the software and make it interact properly with other systems.
· If the software is delivered with source code, and the customer expects to be able to change that code in the future, it is useful to have the design documentation which was used to produce the software, provided that it is accurate.

14. As will be clear later, a considerable amount of time and effort go into testing software. In order to make the delivered software maintainable, it is also necessary to deliver the test plans, test suites and all the other artefacts needed to successfully modify, build and test it.

15. A modern trend in software, worrisome to vendors of traditional software products like Microsoft, is the delivery of software as a service over the web. For example, consider eBay, Amazon, Google, Flickr, Facebook, or YouTube: these websites use substantial bodies of software, but their customers never have to install it on their own computer. Software delivery, per se, never happens, only software use. Consequently, a vastly more responsive rhythm of development and maintenance can be supported, potentially improving every day.
building good software 

16. Three inter-related factors govern software development: time, resources and scope. It is possible to build very good software, given a long enough time and sufficient resources. (Resources include not only equipment and buildings, but also good programmers.) If we do not have sufficient resources, we must either devote more time or decrease the scope of a project. If we do not have enough time, we must either decrease the scope or add more resources. However, as implied by the title of “The Mythical Man-Month” (Brooks 1995), building software is not like digging holes: there is no such thing as a man-month in software. You may be able to build a program using one man for 12 months, but you will fail if you try 12 men for one month. The idea that “adding people to a late project just makes it later” is known as Brooks’ Law. While not entirely true, it is certainly the case that the relationship between people and time is far from linear.
17.  The scope of a project obviously includes the functionality which the software exhibits, but scope also includes the following other attributes of software (Sommerville 2005 p13), sometimes confusingly lumped together under the heading “quality”:
· Maintainability. The environment with which software interacts over its lifetime inevitably changes, and the software must change too, so that it continues to solve real-world problems. Software can be written so it is easy to change, or hard to change. It does not cost much more to make software maintainable, but inevitably if the effort is not made software will not be maintainable. 

· Dependability. This includes reliability, safety and security. Systems including software can be built to “fail safe”, without damaging consequences, but this incurs an up-front expense in construction and an operating expense later.

· Efficiency. It is better if software is not wasteful of system resources, such as processor time or memory. In the past this has been a critical factor, but Moore’s Law has now given us such immense hardware resources that often we do not need to worry so much. Of course, there are still some applications where the hardware is taxed to the limit, and successful software must pay careful attention to efficiency.
· Usability. Software should be usable by the people who interact with it. User interfaces should not be confusing or stressful to use; they should respond in a timely and predictable manner; they should let people do what they need with a minimum of fuss.
18. When we trade-off scope in order to reduce the required time or resources it is better to do this deliberately, perhaps choosing to compromise on functionality or efficiency. However, if there is insufficient time or resources then scope will in fact be reduced anyway, in accidental reductions to maintainability, dependability or usability.  Such unplanned reductions in scope can be quite distressing to managers who imagine that they can conjure something out of nothing.

Student exercise 1.2:  Describe how the above software attributes should be prioritised in the  following projects:

· An avionics system for a small fighter aircraft.

· A company’s personnel records system that includes monthly pay calculations.

· A tourist information system to be used by the general public.

software maintenance
19. Physical systems suffer from failures over time in a predictable way. If we draw a graph of failures versus time, we get the well known “bath-tub curve”:


[image: image2.wmf] 

Failure rate

 

Time

 

“infant mortality”

 

“wear out”

 


Fig 2  “Bath tub” failure curve for hardware (from Pressman, 2000, p6)
20. Early in its life, a mechanical system suffers a higher rate of failure, due to manufacturing defects in its components. This part of the curve can be made very much flatter by paying close attention to the quality of the components, as has been demonstrated by Japanese car manufacturers. In any case, customers often do not see the very highest failure rates initially because of factory testing before shipping. Later in its life a mechanical system also suffers a higher rate of  failure, but this time due to components wearing out.
21. Of course, software does not wear out in the same way. However, the failure rates of software systems tend to follow a related curve. The following diagram indicates a possible failure curve for software:
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Fig 3  Possible failure curves for software (based on Pressman, 2000 p8)
22. Initially, the software has many “bugs” which are located and removed. To a large extent this happens before the software is shipped to a customer, so the customer does not see the very highest initial rates of failure. Once these bugs have been removed, they will not return, barring accidents in managing the source code of the software. Nor will the there be any “wear” on the remaining code, causing it to fail as in mechanical systems. However, software interacts with the rest of the world, and over time that world itself changes.

23. If the software is not changed to match the changing state of the world, then failures will tend to occur because of this. Alternatively, if the program is changed to work correctly in the new environment, this act will itself introduce new bugs into the program. The bugs take time to locate and remove. This is the cause of the spikes in the above diagram.

24. It is possible to stay close to the idealised curve, but this takes extra effort above that needed merely to repair the latest bug. The structure of the program also needs to be maintained, simplified, reworked. If this extra effort is not made, the program will over time become more fault-prone. This is because, even if the original design and implementation were clean and neatly done, as changes are made the software will tend to become a tapestry of overlaid repairs, like a pair of work-trousers patched too many times. With care and extra work this fate can be avoided, but it is never clear whether such neatening-up (called “refactoring”) will really be worthwhile. What if the program will never be changed again? It would have been wasted effort.

25. The temptation is therefore always strong to cut corners, and to refactor later … But that is just asking for trouble: after a while, there comes a point when the only sensible thing to do is to throw away the patchwork and make a new clean program that does the same thing. (But even that is easier said than done: Microsoft has attempted to write a new, clean version of Word at least twice and given up each time. Where backwards compatibility is vital, the only option is sometimes to keep the existing patchwork, even though you hate it.)

Student exercise 1.3:  Identify some other differences between mechanical machines and software that may affect system reliability and the maintenance activities.

2.  software life cycle

large-scale software development
26. Software development on a small scale can be ad-hoc and still successful. Software development on a large scale must be more systematic. In either case the successful practitioner will follow a process along the lines described earlier:
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Fig 4  The problem-solving cycle again

27. As noted earlier, in order to organise and control the development work, a large scale development project  must construct many other artefacts as well as the source code of the software. We can illustrate the relationship between these artefacts in a dependency diagram:
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Fig 5  Artefacts in software development

28. In this diagram the boxes represent artefacts. These are usually documents, but they may also include physical hardware, such as prototypes and hardware test-rigs. Lines between boxes indicate dependencies. 

29. At the top of the diagram is a requirements document. Based on this are a number of design documents (for example the designs for different sub-systems). Implementing the design we find the source code of the software. Note that a particular piece of code may implement a design which is specified over several design documents. For example one document may describe the internal organisation of a piece of code, another the interface between two pieces of code. Each separate module of code will have its own “unit test”, created to test it in isolation. Several modules of tested code will then be combined and subjected to “integration testing”. It is often the case that each collection of code subject to integration testing corresponds to the fulfilment of a particular design document. Finally, acceptance testing combines all tested sub-systems and checks that they work together to fulfil the requirements. 

30. All of these artefacts will have been created by the time that the project has finished, but a question still remains: in what order should we produce them? Clearly we cannot finish an artefact before the items it depends on are finished. However, it is possible to start work on some of the lower artefacts before the earlier ones are finished, even if there is a dependency.
· We can produce parts of the design without having all of the requirements, at the cost of potentially having to revise them later.
· We can write code without having a complete design, at the cost of potentially having to rewrite or discard it later.

· We can write unit tests without having code, but we cannot run them successfully until the code is complete.

· We can produce integration test plans, software and test-rigs before code is complete. If we produce these before design is complete we run the risk of having to change them later. We cannot produce a successful integration test report until the code and unit tests are complete. (However, note that we can successfully test the code which implements one design document without having to have all design documents finished).
· We can produce acceptance test plans, software and test-rigs before code is complete. If we produce these before requirements are complete we run the risk of having to change them later. We cannot produce a successful acceptance test report until the code, unit tests and integration tests are complete.
31. A number of possible sequences for creating these artefacts thus suggests itself, depending on how certain we are of the development team’s ability to make the correct design and implementation choices on the first attempt. We will next take a look at four typical sequences of work, appropriate in different circumstances: the waterfall model, evolutionary delivery, evolutionary prototyping and Boehm’s spiral model. Such sequences of work are known as software “life-cycle models”, “processes” or “methodologies”.
waterfall model
32. The waterfall model is based on the work-order typical of heavy physical engineering projects, such as civil engineering. Diagrams like figure 6 are often used to express this order of work:
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Fig 6  The Waterfall Software Life Cycle (from Sommerville 2004, p66)
33. In terms of the relationship between artefacts shown in figure 5, the waterfall model creates all of the artefacts at one level before starting any artefacts at the next level. Thus the requirements should be complete before starting the design and the design complete before starting any coding. Testing preparations may be started before code is complete, but preparation for integration test should not start until the design is complete, and preparation for acceptance test should not start until requirements are complete. (In practice some overlap will happen, but ideally it should not.)
34. The assumption implicit within the waterfall model is that there will be no surprises as these artefacts are created. It is assumed that the customer knows exactly what problem they wish to solve, and that the system designers understand the available resources and environment perfectly. It is assumed that the system designers also understand the best technical solution and know the best way to build it. If these assumptions are true, then the waterfall model is the best choice. The other models described cannot be as efficient, since they involve a considerable amount of planned re-work. 
35. However, if the requirements are poorly understood or it is not clear how best to implement them, the waterfall model is a poor choice. It is somewhat like a command-economy: very efficient if a central planner actually does have all the necessary information and the workers follow orders. In practice,  things usually don’t go smoothly and there are shortages, queues and lots of wastage and re-work anyway. In a system which relies on forestalling re-work there is first a tendency to deny that it’s necessary, then to deal with it very inefficiently.
36. In some circumstances the waterfall model genuinely is the best one to use, but often this model is chosen with a hopeful enthusiasm that things will turn out well. The final stage of the waterfall diagram “operation and maintenance” also brushes a multitude of difficulties under the carpet. It is acknowledged that 70% or more of a system’s lifetime cost will be incurred in this box: a place where initial requirements are changed, designs must be revised and re-work is the order of the day. Almost by definition, the waterfall model is not suitable for organising activities in this box.
Student exercise 1.4:  Brooks (1995, p116) says “plan to throw one away; you will anyhow”. This was written in the early 1970s, but in a retrospective chapter written 20 years later (p265) he says, “This I now perceive to be wrong, not because it is too radical, but because it is too simplistic.” What did he mean? 

evolutionary delivery
37. Evolutionary delivery can be used where the requirements are not fully understood or are expected to change. Evolutionary delivery is an example of an iterative process: i.e. it is anticipated in advance that the problem-solving loop will be followed not once but several times, each time adding to and extending the artefacts produced before. Each cycle is known as an iteration:
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Fig 7  Iterations in an iterative process

38. The length chosen for an iteration varies, but somewhere between a few months and a few weeks is typical. On each iteration only some of the eventual requirements are fleshed out as designs and code. These are tested and the resulting partially complete program is given to the customer for evaluation. After considering the good and bad points of this partially complete program, the customer and designers will have a better idea of what the customer’s real needs are. The requirements can now be changed and expanded appropriately, as can the design and the code. Much of what was done in previous iterations may be re-used, but some artefacts must be changed and new ones created. The reason that this process is called “evolutionary” delivery is that the requirements and design can evolve in response to feedback from the customer.

39. Iterations might proceed as follows:
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Fig 8  Example artefacts produced or re-worked in each iteration

40. In figure 8, artefacts shaded grey with a bold outline are new in that iteration. Artefacts shaded grey with a light outline needed re-work from the previous iteration. Artefacts which are white with a light outline are unchanged. As is clear from the above diagrams it is likely that many artefacts will be re-worked. If sufficient care is taken in each iteration to “refactor” the program and ensure continued maintainability, this re-working can continue indefinitely. However, it will obviously take longer to produce the first version of an artefact then re-work it several times than it would have taken to write the final version in one attempt. 
41. Evolutionary delivery is most suitable for those circumstances where the requirements are too poorly understood, or the environment is changing too fast for the waterfall model to be appropriate. It is a good process for managing change over the long maintenance life of a piece of software, but for this to be possible it does rely on the initially produced software being created with maintainability as a high priority. 

evolutionary prototyping
42. The waterfall model produces artefacts in “horizontal” slices. In contrast,  evolutionary delivery adds  “vertical” slices of artefacts with each iteration. Evolutionary delivery allows us to make progress when we are uncertain as to the requirements. But what if we know the requirements but we are uncertain about how to best satisfy them? In this case, the best process to use is evolutionary prototyping.

43. This is another example of a “vertical” process, with each iteration building on the previous ones. However, in evolutionary prototyping, we do not aim to produce a partially complete version which we can then re-work. Instead our aim is solely to learn how best to design and implement our final product. All that we carry from one iteration to the next is the knowledge gained through our earlier attempts: it is expected that code will not be just modified from one iteration to the next, but entirely discarded. Requirements will remain the same, designs may be modified or discarded, and code will almost always be discarded. For this reason it is sometimes sensible to use a quick but inefficient way to implement a design, for example to be able to answer a question about usability, and to plan in the final system on re-implementing the successful design more efficiently.

44. Of course, it is often sensible to engage in both evolutionary delivery and evolutionary prototyping in the same project. However, the programmers and managers must be very disciplined about recognising when they are doing one thing and when they are doing the other: evolutionary delivery is for resolving uncertainty about customer requirements, evolutionary prototyping is for resolving uncertainty about how to satisfy known requirements. It is seldom a good idea to try both at the same time.

boehm’s spiral model

45. Boehm (1988) proposed an interesting combination of waterfall and iterative development. Although superficially similar to the cycles of problem-solving that we have seen so far, Boehm’s spiral is actually a risk-management cycle, within which two separate threads of problem-solving are embedded:
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Fig 9  Boehm’s Spiral Model (Boehm 1988, p 64)
46. The aim of the risk management process is to gain enough information on each transit around the spiral that an informed decision can be made about the future time and resource commitments necessary for success. The project can be abandoned early if these commitments appear to be too great. If it is decided to complete the project, then by the final turn of the spiral enough information has been gathered about requirements and construction techniques that it is possible to reliably build the delivered system using a waterfall approach. This is how the two problem-solving activities are interleaved:
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Fig 10  Boehm’s Spiral combines iterative and waterfall development

47. With the spiral model it appears possible that we can have the best of both worlds. A large risk with iterative development is that by attempting to deliver a partially functional system too early, the overall structure of the software may be poor and this structure may become still worse when re-worked and re-worked. Even in the best case, the costs of re-work mean that the final product must take more time or resources than if it could have been built right first time using the waterfall method. By clearly separating the information-gathering evolutionary path from the waterfall final delivery path it seems that we can have our cake and eat it: we do as little or as much work as needed on the evolutionary path to ensure that the final waterfall will proceed smoothly.

48. However, there is no such thing as a free lunch: successful execution of a spiral project requires an extremely disciplined and experienced staff of developers. It is vital that they can correctly judge the residual risks, and call for more prototyping where necessary. The spiral model can only be better than the alternatives if residual risks really are accurately estimated. In practice this is very hard, and it can be even harder to ensure that appropriate action is taken in response to these risks.

49. It is also worth noting that the spiral process has been widely misunderstood, so if someone claims to be following a spiral process they are probably doing something different. (Which illustrates the point that it pays to consult original papers rather than relying on garbled accounts in secondary sources.) Most accounts of the spiral process represent it as merely another variant of iterative development, failing to notice that it actually contains both a fast iterative sub-process and a slow waterfall sub-processes.
process maturity
50. How important is it for a development team to follow a recognised methodology? It seems clear that following an explicit process like one of the ones described above ought to be better than bumbling along in a disorganised fashion. But there are degrees of organisation and formality. The Software Engineering Institue (SEI) is a commercial organisation associated with Carnegie Mellon University in Pittsburgh which accredits appraisers who will, for a fee, inspect your development team and give you a Capability Maturity Model (CMM) rating. They do not specify any particular process, but rather attempt to measure how much control the organisation has over the process which is actually used. There are five levels:
· CMM 1: Initial. Ad-hoc organisation, development process not formalised.

· CMM 2: Repeatable. Basic project management processes in place. Ability to repeat earlier successes on similar projects.

· CMM 3: Defined.  Processes are formally specified and standardised across all projects in an organisation.

· CMM 4: Managed. Quantitative techniques are used to ensure a predictable outcome to projects, and address causes of variation.

· CMM 5: Optimising. Quantitative techniques are used to improve the process itself.

51. The CMM has not been a universal success. While the objectives of the SEI may appear to be laudable, it is questionable whether all its certified organisations deserve their label: since the SEI merely accredits appraisers it is reasonable to wonder whether a uniform standard is actually applied worldwide. Like all formal inspections, it also tends to suffer from the problem of inspecting the paperwork rather than the actual practice of an organisation. Most of the organisations at CMM 5 are software outsourcing contractors in India: presumably the label gives them added credibility. Many extremely successful software companies in the USA have ignored the SEI.
52. There is a saying in software development: “people trump process, politics trumps people”. Surveying the factors which influence software productivity, McConnell (2001) notes that “the maximum influence of process maturity on a project’s productivity is 1.43”. In other words, other things being equal, an organisation at CMM 5 could expect to be no more than 43% more productive than an organisation at a lower rank or no rank at all. McConnell goes on to say:

“personnel-oriented factors collectively … exert a staggering influence range of 25.8! This simple fact accounts for much of the reason that non-process-oriented organisations such as Microsoft, Amazon.com, and other entrepreneurial powerhouses can experience industry-leading productivity while seemingly short-changing process.” (McConnell, 2001)
53. In other words programmers at these organisations might be 25 times more productive, without having measurably better process maturity. This is not to say that programmers in these organisations have no processes, but rather that good people do good work anyway and poor developers cannot be whipped into doing significantly better work merely by imposing a process on them.

summary

54. Software is difficult to produce. It is intangible and behaves in an unpredictable and almost contrary fashion. Managers who are not themselves programmers find it difficult to credit that software is such a resistant medium. With software anything is possible but nothing is easy.

55. Formal processes like the waterfall model and evolutionary development can help us to understand how best to organise development efforts, and to ensure that developers focus their current efforts on the most useful work. However, despite the name “software engineering”, the development of software is still essentially a craft skill where the experience of skilled craftsmen counts for more than formal rules and regulations. 
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suggested solutions to student exercises

1.1

Your answer will depend on the task you chose to analyse.  If your experience is like mine, then repeated trips to B&Q for unforeseen materials would tend to indicate that repeated problem-solving cycles are the norm rather than the exception.
1.2

The avionics system will need to run on a machine with limited size and power, therefore efficiency will be a high priority.  Furthermore, it will need to be dependable - aborted missions due to systems failure are very expensive.  Usability will be very important if the system presents information directly to the pilot, and interaction with other systems competing for the pilot’s attention must be considered. 
The company’s record system needs to cope with changes in tax and pension schemes so maintainability will be a high priority.  It will also need to have high dependability.  It need not be very efficient and its regular users may be able to learn to work around its quirks if there are usability problems. (Though if the system is very maintainable, such usability problems could be cured more easily, once they are understood.)
The tourist information system will have usability as its highest priority — it may need to cope with different languages, physical disabilities and so on. Dependability will be quite important, as will certain aspects of maintainability (for example, updating the contents of the system).  It need not be very efficient.

1.3

(You may be able to think of further points.)
· Mechanical machines have parts that wear through use, so the concept of preventative maintenance is employed.  Fault prevention in software is performed during development.
· Software will not deteriorate if it isn’t changed.  However, this is only applicable if it meets the requirements fully and they don’t change.

1.4 

Brooks’ “throw one away” comment was expressing emerging dissatisfaction with the waterfall model in the 1970s. The aspiration to get it right first time could rarely be satisfied. Hence “plan to throw one away”: treat the first system as a prototype so you can learn what the requirements really are and how to build the delivered system. The comments in the retrospective go on to extol the benefits of iterative processes which discard parts of the system incrementally, revising the system rather than discarding one prototype on one occasion.
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