CHAPTER

FOUR
THE SOFTWARE DEVELOPMENT CYCLE

VARIATIONS ON A WATERFALL THEME

Software development, just like most other activities, has a beginning, a middle and an end. The
end of one development activity is.sometimes perceived as being linked to the heginning of a
new development activity thus producing a cycle of beginning-middie-end; link, ‘beginning-
middle-end, link, and so forth. This view of software development is referred.to as'the soffware
development fife cycle. o R e g
There are many variations of the software development life cycle. Figure 4.1 presents a simple
life cycle that was common during the first faw decades of software development. In those early
days of software development; the progr amniner would create program jiterating from code
to fix then back to code, and then to fix again, until somicths able was (hopefully)
pt of what was required, and

d thew {0 fix again, until somethin
produced. At the start of the cyclé; there’ ually no clear concept of what
the basic development proceduire was-a form of ‘let’s sée what we.can do" approach.

The software development method repre by the development cycle in Fig. 4.1 is often
referred to as ‘the code’ and fix” mei obvious: reasons). Software ‘developrnent
methodologies have come a long way sitice the days of code an d fix, though it is Surprising how
much software is still beirig developed this

Successful management of any proj ecially software projects, requires planning, and
planning is impossible with code ‘and fix, which s totally unpredictable. Management of
software development within an engineering di ne is based on a much more orderly set of
development phases. These phasés.are mplemented ‘solely by programmers; they require
software engineers, In fact, programming has become a rel

&R

; has become a ‘relatively small part of the modern
software development cycle, as is evident from Table 4.1,

The numbers in Tabie 4.1 are derived.from the general shift in emphasis to software planning
(requirements and design) and 'téﬂtinﬂg’-_.;.,(fommacial data processing systems, with some
exceptions, still spend a significant amquh_l of development time in the programming and unit
testing phase. Real-time systems are often more complex, and may include extensive hardware/

software integration. This usually requires more planning and more integration and lesting,
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Figure 4.1 The code and fix method.
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“Military systems require high reliability and are usually closely supervised by the customer,
eading fo a significant increase in the time spent in planning.
The daia in Table 4.1, of course, represents a generalization; commercial data processing
i gystems can be just as complex as a real-time system (see Section 4.4 for further discussion of
“ this topic). |

Figure 4.2 presents the basic phased mode] of a software development cycle. This model,
calted the Waterfall model, gets its namé from the way in which each phase cascades ‘into
the next {due to overlapping), as demonstrated in Fig. 4.3. Some interpretations of the
Waterfall model, like the one that follows, combine the top level design and the detailed
design phases into a single design phase, and the integration and test phases into a single
phase. In fact, there are many variations of the classic Waterfall model, but they are all
based upon a systematic transition from one development phase to the nexi, until the project

is complete,
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Figure 4.3 The Waterfull model of thesoftware ﬁéveiopment life cycle.

There are other deve[opt_n_ent_.-mgihdq{_}ivgieg that do not move from one phase to the next like
the Waterfall model.. Rapigd. prototyping, for instance, iterates in a mini-development phase
antil a systetn prototype i_s.__dcyeiope_d;_.-j{ﬁ_ea_-;_Fig‘_ 4.4}, After the prototype is compieie, the
Waterfail approach can then._be_.impl_emcntcd; ﬁtq,_c;gé;:np_{gtg. the full system, Rapid prototyping is
particularty helpful in projects where the requirements are difficult to specify. The pretotype
can be used as a tool for analyzing and determining what the tequirements should be.

The Spiral model, described by Boehm (1988),'is éx'ﬂcithé'r'i“fdéi.ieiobmenf method that iterates
between the requirements, design and implementation phases, However, the Spiral model
continues iterating until the final System is complete. Within each iteration, the Spiral model
follows a phased approach similar 10 the Waterfali model.

Different models may be suitable for different software projects or for different software
development organizations. H owever, a good model must include certain fundamental features.

Some of these basic requirements are discussed in [EEE Standard (IEEE 1993) Standard Jor

model. This standard is discussed further in Section 4.7, ke
Most modern software development models, and certainly those following tEEE Standard
1074, include some form of the ‘basic phased model. It is therefore important to undersiand the
different phases and how they relate to one another. This chapter describes sor
management issues associated with the phased model, including the atmosphere - an
probiems that characterize each phase. T
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4.1 THE CONCEPT PHASE

The Waterfall model begins with an initial comcept phase, during which the need for the
software system is determined and the basic concept of the software system evolves. This phase,
also named the concept exploration phase by the IEEE' provides the basis for:

e The preparation of a request for proposal (RFP); the RFP is useful when projects are
contracted out to other developers {(see Chapter 3),

e The definition of the software requirements (the next phase).

o Initial planning and preparation of estimates; this often serves as an early version of the
project devetopment pian.

The concept phase produces two types of project documents:

The product description
A concept document

The product description is primarily a marketing document, and is used as a future product
announcement or as a general overview of the product. The concept document is a technical
document and forms the basis for the main technical activities of this phase (RFP, initial
planning}. The concept document is also one of the main sources of reference for the
production of the software requirements during the next phase of the project.

The concept phase is not a mandatory formal development phase. It is often conducted infor-
mally, before any commitment is made to further develop the project.

4.1.1 The atmosphere during the conce;itﬁhase

The atmosphere of the concept phase is variable, based on the ups and downs of indecision and
hesitation. Thus, this initial phase of the project is usualiy charactenzed by

e The desire of the technical staff to get the pro;ect muwng

e Lack of full commitment on the part of management; only initial budgets are usually
allocaied at this phase.

e Frustration of management; due {o the mablhty of the technmical staff to provide
management with anything more than rough estimates.

# Frustragon of the development team; due to the inability of the customer {including
management, marketing and users) to provide accurate definitions of the required system.

All these are the product of a lack of commitment by the interested parties. The customer and
manag&mem have not yet fimnly made up their minds about whether they want to go ahead
* ‘with the project. In addition, they are often not totafly convinced of the importance of the

. concept phase, as there are very few visible results produced. The parties tend to be involved
‘but not fully committed” to the project, and therefore expect results without providing sufficient
.resources.

Thc IEFE s S:andard Glossary of Software Engineering Terminology (Std 729-1983) (1987b), although recogniring
‘lack of coniensus on the phases comprising the software life cycle, presents an example that includes concepr
'!arariwf, requiretents, design. implementation. tesi, installation and checkout, operation and maintenance, and an
1 hase called retirement,

pts ‘of involvemen: and commiiment are often confused and used interchangeably. A famous anecdote
5 the differénce betwm:n the two: in ham and eggs, the hen was invelved, but the pig was committed)
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The allocation of a budget is always the firmest sign of commitment to a project, and the
larger the initial budget, the firmer the commitment. The procurement of an initial project
budget is often the project manager’s first major task. This may be achieved as the result of:

* The preparation of a good concept document. A good concept document is the result of a
comprehensive market analysis and user survey, and it includes a weil written overview of
the system’s functional requirements. This docuyment should also address the feasibility of
the project.

® The establishment of a clear need for the system that is to be developed. One of the best
ways to gain approval for a development project is to clearly identify and describe the
problem for which the project will provide a solution.

® The provision of convincing initial estimates for the development of the project. No
organization can commit to an unknown expenditure. If initial estimates’ cannot be
prepared, then at the very Jeast estimates for the requirements phase should be submitted.

4.1.2 Problems during the concept phase

Many problems during the concept phase are due to the difficulty in getting the Project to move
forward. This, clearly, is the result of the variable atmosphere described in the previous section,
This leads to the difficulty in obtaining a binding commitment from the customer and from top
management. e e St hmmnme

The following problerns are commion during the coricept phase:

* Many problems are related 10 establishing the initial project development team. Locating
the right people. for the project team is rarely. an. easy task_ Indeed, locating a suitable
project manager is not always an easy task. e

* A common problem is either the lack or the excess of project leadership. In many cases the
concept phase is ied by many peopie; one may be responsible for market analysis, another
for estimating, and vet another for producing the concept document. This can cause a fack
of coordination between those responsible for the various activities, producing many
contradictions and bad initial decisions.

® When an initial team is in place and a rough development plan has been produced, it is not
uncomumon to find that there are many different ideas as to what the product should
actually be. Producing an agreed concept document can often become g major problem:.
This problem can often be solved through the use of demo systems or prototypes.

Rapid prototyping can be helpful when general agreement on the concept is difficult to reach,
Concepts are often easier to consolidate when something concrete can be produced and
reviewed by all interested parties. -

4.2 THE SOFTWARE REQUIREMENTS PHASE

3. The preparation of estimates is discussed in detail in Chapter I},
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been produced. The requirements specification answers the question what while attempting to
avoid the question how.
The requirements phase forms the basis for-

e  The first major system baseline?
® The design of the system (the next phase)
® The acceptance test procedures (ATP)

The reguirements phase produces one main product document:

» The software requirements specification document

and two project planning documents:

e The project development pian
¢ The software test plan

The requirements phase formally concludes with the project’s first major review’ the software
requirements review (SRR), It is this review that signs off the requirements specification and
formally declares the requirements document as the first approved project baseline.

4.2.1 The atmosphere during the requirements phase

The reguirements phase is often perceived as the most important phase of the software
development cycle. It is certainly one of the most difficolt, due-in part-to the difficlty in
documenting an agreed description of the software vequiremnents. There is always a basic
conflict of interest between the customer® and the developer. The ‘customer is reluctant 10
finaiize the requirements because of the knowledge that onice this is:done any further changes
may be costly. On the other hand, the developer niceds to finalize the reguirements as soon as
possible because progress will be slow as long as the product is not fully defined; and this too is
costly. So the atmosphere of the requitements phase éan be characterized as a form of tug of
war between the customer and the developer. R

Cost-plus contracts, where the developer is paid by the hour or by the day (see Chapter 3),
tend to have fewer conflicts of this type. However, cost-plus contracts leave the main
responsibility for early closure of the requireménts with the customer.

~ The requirements phase is thus characterized by:

¢ Conflict between developer and customer in closing the requirements specification
¢ Disagreements over revised and binding estimates

. c-and aiso by
Confusion due to shifting responsibilities and as yet unstaffed assignments

Ciﬁ'é_iii:g_féqg_irgmcqts is not always easy and requires experience, patience and firmness. It is
roject manager’s job, at some point, to be resolute and decisive in requiring all parties to

,usé;_-._iin Chapter 10,
e;g.’i’s_';‘u:s@:l_;t_wm in its broadest sense and refers to the organization tha! requested the project, such as
{customer, markating department or users.







