“Plan to throw one
away. You will do
that, anyway. Your
only choice is
whether to ry to
sell the throwaway
to customers.”

Frederick P.
Brooks
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the details, develop a

profotype as a first
step.
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meet competitive or business pressure; a set of core product or system requirements
is well understood, but the details of product or system extensions have yet to be
defined. In these and similar situations, you need a process model that has been
explicitly designed to accommodate a product that evolves over time.

Evolutionary models are iterative. They are characterized in a manner that
enables you to develop increasingly more complete versions of the software. In the
paragraphs that follow, I present two common evolutionary process models.

Prototyping. Often, a customer defines a set of general objectives for software,
but does not identify detailed requirements for functions and features. In other
cases, the developer may be unsure of the efficiency of an algorithm, the adapt-
ability of an operating system, or the form that human-machine interaction should
take. In these, and many other situations, a prototyping paradigm may offer the best
approach.

Although prototyping can be used as a stand-alone process model, it is more com-
monly used as a technique that can be implemented within the context of any one
of the process models noted in this chapter. Regardless of the manner in which it is
applied, the prototyping paradigm assists you and other stakeholders to better
understand what is to be built when requirements are fuzzy.

The prototyping paradigm (Figure 2.6) begins with communication. You meet with
other stakeholders to define the overall objectives for the software, identify whatever
requirements are known, and outline areas where further definition is mandatory. A
prototyping iteration is planned quickly, and modeling (in the form of a “quick de-
sign”) occurs. A quick design focuses on a representation of those aspects of the soft-
ware that will be visible to end users (e.g., human interface layout or output display
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formats). The quick design leads to the construction of a prototype. The prototype is
deployed and evaluated by stakeholders, who provide feedback that is used to fur-
ther refine requirements. Iteration occurs as the prototype is tuned to satisfy the
needs of various stakeholders, while at the same time enabling you to better under-

stand what needs to be done. \(
Ideally, the prototype serves as'a mechanism for identifying software require-

ments. If a working prototype is to be built, you can make use of existing program
fragments or apply tools (e.g., report generators and window managers) that enable
working programs to be generated quickly.

But what do you do with the prototype when it has served the purpose described
earlier? Brooks [Bro95] provides one answer:

In most projects, the first system built is barely usable. It may be too slow, too big, awk-
ward in use or all three. There is no alternative but to start again, smarting but smarter,
and build a redesigned version in which these problems are solved.

The prototype can serve as “the first system.” The one that Brooks recommends
you throw away. But this may be an idealized view. Although some prototypes are
built as “throwaways,” others are evolutionary in the sense that the prototype slowly
evolves into the actual system.

Both stakeholders and software engineers like the prototyping paradigm. Users
get a feel for the actual system, and developers get to build something immediately.
Yet, prototyping can be problematic for the following reasons:

e holders see what appears to be a working version of the software,
“"’"‘s unaware that the prototype is held together haphazardly, unaware that in the
Resist pressure fo rush to get it working you haven't considered overall software quality or
extend a rough long-term maintainability. When informed that the product must be rebuilt so
profiype o ¢ hat high levels of quality can be maintained, stakeholders cry foul and
roducion prodct that high levels of quality can be maintained, stakeholders cry foul an

Quality almost always demand that “a few fixes” be applied to make the prototype a working

suffers as a resulf. product. Too often, software development management relents.

\% a software engineer, you often make implementation compromises in
order to get a prototype working quickly. An inappropriate operating system
or programming language may be used simply because it is available and
known; an inefficient algorithm may be implemented simply to demonstrate
capability. After a time, you may become comfortable with these choices and
forget all the reasons why they were inappropriate. The less-than-ideal
choice has now become an integral part of the system.

Although problems can occur, prototyping can be an effective paradigm for soft-
ware engineering. The key is to define the rules of the game at the beginning; that is,
all stakeholders should agree that the prototype is built to serve as a mechanism for
defining requirements. It is then discarded (at least in part), and the actual software
is engineered with an eye toward quality.
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SAFEHOME

The scene: Meeting room for the
software engineering group at CPl Corporation, a
(fictional) company that makes consumer products for
home and commercial use.

The players: Lee Warren, engineering manager; Doug
Miller, software engineering manager; Jamie Lazar,
software team member; Vinod Raman, software team
member; and Ed Robbins, software team member.

The conversation:

Lee: So let's recapitulate. I've spent some time discussing
the SafeHome product line as we see it at the moment.
No doubt, we've got a lot of work to do to simply define
the thing, but Id like you guys to begin thinking about
how you're going to approach the software part of this
project.

Doug: Seems like we've been pretty disorganized in our
approach to software in the past.

Ed: | don’t know, Doug, we always got product out
the door.

Doug: True, but not without a lot of grief, and this
project looks like it's bigger and more complex than
anything we’ve done in the past.

Jamie: Doesn't look that hard, but I agree . . . our
ad hoc approach fo past projects won't work here,
particularly if we have a very tight time line.

45

Selecting a Process Model, Part 1

Doug (smiling): | want to be a bit more professional in
our approach. | went to a short course last week and
learned a lot about software engineering . . . good stuff.
We need a process here.

Jamie (with a frown): My job is to build computer
programs, not push paper around.

Doug: Give it a chance before you go negative on

me. Here’s what | mean. [Doug proceeds to describe

the process framework described in this chapter and

the prescriptive process models presented fo this

point.]

Doug: So anyway, it seems to me that a linear model is
not for us . . . assumes we have all requirements up front
and, knowing this place, that's not likely.

Vinod: Yeah, and it sounds way too IT-oriented . . .
probably good for building an inventory control system
or something, but it's just not right for SafeHome.

Doug: | agree.

Ed: That prototyping approach seems OK. A lot like what
we do here anyway.

Vinod: That's a problem. I'm worried that it doesn’t
provide us with enough structure.

Doug: Not to worry. We've got plenty of other options,
and | want you guys fo pick what's best for the team and
best for the project.

The Spiral Model. Originally proposed by Barry Bochm [Boe88], the spiral model
is an evolutionary software process model that couples the iterative nature of proto-
typing with the controlled and systematic aspects of the waterfall model. It provides
the potential for rapid development of increasingly more complete versions of the
software. Boehm [BoeOla] describes the model in the following manner:

\_*p’ral development model is a risk-driven process model generator that is used to

guide multi-stakeholder concurrent engineering of software intensive systems. It has two
main distinguishing features. One is a cyclic approach for incrementally growing a sys-
tem's degree of definition and implementation while decreasing its degree of risk. The
other is a set of anchor point milestones for ensuring stakeholder commitment to feasible

and mutually satisfactory system solutions. \/
Using the spiral model, software is develope a series of evolutionary releases.

During early iterations, the release might be a model or prototype. During later iter-
ations, increasingly more complete versions of the engineered system are produced.
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K (A spiral model is divided into a set of framework activities defined by the software
engineering team. For illustrative purposes, I use the generic framework activities
POINT 8 8 purp 8

The sirl model co discussed earlier.’ Each of the framework activities represent one segment of the spi-
be adapted fo apply ral path illustrated in Figure 2.7. As this evolutionary process begins, the software
throughout the entire team performs activities that are implied by a circuit around the spiral in a clockwise
ife cycle of an direction, beginning at the center. Risk (Chapter 28) is considered as each revolution
applicafion, from is made. Anchor point milestones—a combination of work products and conditions
;Snncqz?l;rtgizﬁllfgmen’r that are attained along the path of the spiral—are noted for each evolutionary pas?
The first circuit around the spiral might result in the development of a produ
specification; subsequent passes around the spiral might be used to develop a pro-
totype and then progressively more sophisticated versions of the software. Each pass
through the planning region results in adjustments to the project plan. Cost and
Usefulinformation schedule are adjusted based on feedback derived from the customer after delivery.
about the spiral model In addition, the project manager adjusts the planned number of iterations required
can be obtained af: to complete the software.
v:;:v;;:l:ﬂ: ] Unlike other process models that end when software is delivered, the spiral mgdel
documents/00 can be adapted to apply throughout the life of the computer software. Thereforejthe
reports/00sr008  firt circuit around the spiral might represent a “concept development project” that
Al starts at the core of the spiral and continues for multiple iterations'® until concept

9 The spiral model discussed in this section is a variation on the model proposed by Boehm. For
further information on the original spiral model, see [Boe88]. More recent discussion of Boehm's
spiral model can be found in [Boe98].

10 The arrows pointing inward along the axis separating the deployment region from the commu-
nication region indicate a potential for local iteration along the same spiral path.
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If your management
demands fixed-budget
development
(generally o bad idea),
the spiral can be a
problem. As each
circuit is completed,
project cost is revisited
and revised.

e

“I'm only this far
and only fomorrow
leads my way.”

Dave Matthews
Band
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development is complete. If the concept is to be developed into an actual product,
the process proceeds outward on the spiral and a “new product development proj-
ect” commences. The new product will evolve through a number of iterations around
the spiral. Later, a circuit around the spiral might be used to represent a “product en-
hancement project.” In essence, the spiral, when characterized in this way, remains
operative until the software is retired. There are times when the process is dormant,
but whenever a change is initiated, the process starts at the appropriate entry point
(e.g., product enhancement).

The spiral model is a realistiglpproach to the development of large-scale systems
and software. Because software evolves as the process progresses, the developer
and customer better understand and react to risks at each evolutionary level. The
spiral model uses prototyping as a risk reduction mechanism but, more important,
enables you to apply the prototyping approach at any stage in the evolution of the
product. It maintains the systematic stepwise approach suggested by the classic life
cycle but incorporates it into an iterative framework that more realistically reflects
the real world. The spiral model demands a direct consideration of technical risks at
all stages of the project and, if properly applied, should reduce risks before they
become problematic.

But like other paradigms, the spiral model is not a panacea. It may be difficult to
convince customers (particularly in contract situations) that the evolutionary
approach is controllable. It demands considerable risk assessment expertise and
relies on this expertise for success. If a major risk is not uncovered and managed,
problems will undoubtedly occur.
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Selecting a Process Model, Part 2

The scene: Meeting room for the can have something on the market fast and then add

software engineering group at CPl Corporation, a functionality with each version, er, increment.

company that makes consumer products for home and

commercial use.

Lee: Wait a minute. Did you say that we regenerate the
plan with each tour around the spiral, Doug? That's not so

The players: Lee Warren, engineering manager; Doug  great; we need one plan, one schedule, and we've got to
Miller, software engineering manager; Vinod and Jamie,  stick fo it.

members of the software engineering team.

Doug: That's old-school thinking, Lee. Like the guys said,

The conversation: [Doug describes evolutionary we've got to keep it real. | submit that it's better to tweak

process options.]

Jamie: Now | see something | like. An incremental
approach makes sense, and | really like the flow of that

the plan as we learn more and as changes are requested.
It's way more realistic. What's the point of a plan if it
doesn't reflect reality?

spiral model thing. That's keepin’ it real. Lee (frowning): | suppose so, but . . . senior management's

Vinod: | agree. We deliver an increment, learn from

not going fo like this . . . they want a fixed plan.

customer feedback, replan, and then deliver another Doug (smiling): Then you'll have to reeducate them,
increment. It also fits into the nature of the product. We buddy.



