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Recent Department of Defence policy embodied in the new 5000.1 and 5000.2 series of acquisition requlations strong-
ly emphasizes evolutionary acquisition and the use of spiral development for software. Spiral development has been
used successfully in many commercial systems and in a good number of defense systems. But some ambiguities in pre-
vious spiral model definitions has also led to a good number of unsuccessful projects adopting “hazardous spiral look-
alikes.” This paper provides clearer definitions of a set of six Spiral Model Essentials or critical success factors for spiral
development. It illustrates each with examples, identifies the hazardous look-alikes to avoid, and provides guidelines
Jor using the spiral model in support of evolutionary acquisition.

Since its original publication [1], the
spiral development model diagrammed
in Figure 1 has been used successfully in
many defense and commercial projects. To
extend this base of success, the
Department of Defense (DoD) has recent-
ly rewritten the defense acquisition regula-
tions to incorporate “evolutionary acquisi-
tion,” an acquisition strategy designed to
mesh well with spiral development. In par-
ticular, DoD Instruction 5000.2 subdi-
vides acquisition [2]:
“There are two ... approaches, evolu-
tionary and single step to full capability.
An evolutionary approach is preferred.
... [In this] approach, the ultimate capa-
bility delivered to the user is divided
into two or more blocks, with increasing
increments of capability.” (p. 20)

Here, a block corresponds to a single
product release. The text goes on to speci-
fy the use of spiral development within
blocks:

“For both the evolutionary and single-

step approaches, software develop-

ment shall follow an iterative spiral

development process in which contin-
ually expanding software versions are
based on learning from earlier devel-

opment.” (p. 20)

Given this reliance on the spiral develop-
ment model, an in-depth definition is
appropriate. Two recent workshops pro-
vided one.

The University of Southern California
(USC) Center for Software Engineering
and the Carnegie Mellon University
Software Engineering Institute held two
workshops last year to study spiral devel-
opment and identify a set of critical suc-
cess factors and recommended approaches.
Their results appear in two reports, [3, 4]
and are available on the workshop Web
site www.sei.emu.edu/cbs/spiral2000

The first author’s presentations at

these workshops defined spiral develop-
ment and are followed below. The defini-
tion was first converted to a report [5],

Figure 1: Original Spiral Development Diagram
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where details, suggestions, and further ref-
erences can be found. Additionally, a fol-
low-on article appearing in a later

CrROssTALK issue, will address the rela-

tionships among spiral development, evo-
lutionary acquisition, and the Integrated
Capability Maturity Model.

Spiral Development

Definition and Context

We can begin with a high-level definition

of the spiral development model:

The spiral development model is a risk-
driven process model generator that is
used to guide multi-stakeholder concur-
rent engineering of software-intensive
systems. It has two main distinguishing
features. One is a cyclic approach for
incrementally growing a system’s degree
of definition and implementation while
decreasing its degree of risk. The other is
a set of anchor point milestones for ensur-
ing stakeholder commitment to feasible
and mutually satisfactory system solu-
tions.

The highlighted terms deserve further

explanation:

* Risks are situations or possible events
that can cause a project to fail to meet
its goals. They range in impact from
trivial to fatal and in likelihood from
certain to improbable. Since risk consid-
erations dictate the path a development
must take, it is important that those
risks be cataloged candidly and com-
pletely. See the references for taxonomy
of risks [6] and a method for identifying
them [7].

* A process model answers two main ques-
tions: What should be done next? How
long should it continue? Under the spi-
ral model the answers to these questions
are driven by risk considerations and
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vary from project to project and some-
times from one spiral cycle to the next.
Each choice of answers generates a dif-
ferent process model.

* The c¢yclic nature of the spiral model is
illustrated in Figure 1. Rather than
develop the completed product in one
step, multiple cycles are performed with
cach taking steps calculated to reduce
the most significant remaining risks.

* Each anchor point milestone is a specific
combination of artifacts and conditions
that must be attained at some point.
The sequence of three anchor point
milestones “LCO,” “LCA,” and
“ICO” — is defined in Spiral Essential
5 (to be discussed). These milestones
impel the project toward completion
and offer a means to compare progress
between one project and another.

Many aspects of spiral development

are omitted in the above definition. The
remainder of this paper expands the defi-
nition by describing six essential aspects
that every proper spiral process must
exhibit. The essentials are sketched in
Figure 2. Each subsequent section
describes a Spiral Essential, the critical suc-
cess factor, reasons why it is necessary, and
the variant process models it allows.
Examples are given. Other process models
that are precluded by the Spiral Essential
are described. Because these may seem to
be instances of the spiral model, but lack
necessary essentials and thus risk failure,
they are called “hazardous spiral look-
alikes.”

Spiral Essential 1: Concurrent
Determination of Key Artifacts
(Operational Concept,
Requirements, Plans, Design,
Code)

For a successful spiral effort, it is vital to
determine balanced portions of certain key
artifacts concurrently and not sequentially.
These key artifacts are the operational
concept, the system and software require-
ments, the plans, the system and software
architecture and design, and the code
components, including COTS, reused
components, prototypes, success-critical
components, and algorithms. Ignoring
this Essential by sequentially determining
the key artifacts will prematurely overcon-
strain the project, and often extinguish the
possibility of developing a product satis-
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factory to the stakeholders.

Variants: Within the constraints of this
Essential, variation is possible in the prod-
uct and process internals of the concurrent
engineering activity. For a low technology,
interoperability-critical system, the initial
spiral products will be requirements-inten-
sive. For a high technology, more stand-
alone system, the inital spiral products
will be prototype-code intensive. Also, the
Essential does not dictate the number of
mini-cycles (e.g., individual prototypes for
COTS, algorithms, or user-interface risks)
within a given spiral cycle.

Example: One-Second Response Time
Examples of failure due to omission of this
Essential include premature commitments
to hardware platforms, incompatible com-
binations of COTS components, and
requirements whose achievability has not
been validated. For instance, in the early
1980s, a large government organization
contracted with TRW to develop an ambi-
tious information system for more than a
thousand users. This system was to be dis-
tributed across a campus and offer power-
ful query and analysis access to a large and
dynamic database. Based largely on user
need surveys and an oversimplified high-
level performance analysis, TRW and the
customer fixed into the contract a require-
ment for a system response time of less
than one second.

Two thousand pages of requirements
later, the software architects found that
subsecond performance could only be pro-
vided via a highly customized design that
attempted to cache data and anticipate
query patterns to be able to respond to
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cach user within one second. The resulting
hardware architecture had more than 25
super-minicomputers caching data accord-
ing to algorithms whose actual perform-
ance defied easy analysis. The estimated
cost was $100 million; see the upper arc in
Figure 3 (See page 0).

Faced with this exorbitant cost, the
customer and developer decided to devel-
op and user-test a prototype. The results
showed a four-second response time with
90 percent user satisfaction. This lower
performance could be achieved with a
modified client-server architecture, cut-
ting development costs to $30 million as
shown by the lower arc in the Figure 3 [8].
Concurrent prototyping would have saved
two years time and large-project effort.

Hazardous Spiral Look-Alike:

Violation of Waterfall Assumptions
Essential 1 excludes the use of an incre-
mental sequence of waterfall develop-
ments in the common case where there is
a high risk of violating the assumptions
underlying the waterfall model. These
assumptions are that the requirements are
pre-specifiable, slowly changing, and satis-
factory to all stakeholders, and that a well
understood architecture can meet these
requirements. These assumptions must be
met by a project if the waterfall model is to
succeed. If all are true, then it is a project
risk 7ot to specify the requirements: the
spiral-dictated risk analysis results in a
waterfall approach for this project. If any
assumption is false, then a waterfall
approach will commit the project to trou-
blesome assumptions and requirements

Figure 2: Pictorial Sketch of the Six Spiral Essentials
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Figure 3: Two System Designs: Cost vs. Response Time

mismatches. Here are typical cases that

violate waterfall assumptions:

* Requirements are not generally pre-speci-
fiable for new user-interactive systems,
because of the IKIWISI syndrome.
When asked for their required screen
layout for a new decision-support sys-
tem, users will generally say, “I can’t tell
you, but I'll know it when I see it (IKI-
WISI).” In such cases, a concurrent pro-
totyping/requirements/architecture
approach is necessary.

* Rapidly changing requirements are well
illustrated by electronic commerce proj-
ects, where the volatility of technology
and the marketplace is high. The time it
takes to write detailed requirements is
not a good investment of the scarce
time-to-market available when it is like-
ly the requirements will change more
than once downstream.

* The architecture and its implications
were the downfall of the one-second
response time example.

Spiral Essential 2: Each Cycle
Does Objectives, Constraints,
Alternatives, Risks, Review,

and Commitment to Proceed

Spiral Essential 2 identifies the activities
that need to be done in each spiral cycle.
These include consideration of critical
stakeholder objectives and constraints,
elaboration and evaluation of project and
process alternatives for achieving the
objectives subject to the constraints, iden-
tification and resolution of risks attendant
on choices of alternative solutions, and
stakeholders’ review and commitment to

proceed based on satisfaction of their crit-
ical objectives and constraints. If all of
these are not considered, the project may
be prematurely committed to alternatives
that are either unacceptable to key stake-
holders or overly risky.

Variants: Spiral Essential 2 does not man-
date particular generic choices of risk reso-
lution techniques, although guidelines are
available [9]. Nor does this Essential man-
date particular levels of effort for the activ-
ities performed during each cycle. Levels
must be balanced between the risks of
learning too little and the risks of wasting
time and effort gathering marginally use-
ful information.

Example: Windows-0Only COTS

Ignoring Essential 2 can lead to wasted
effort in elaborating an alternative that
could have been shown earlier to be unsat-
isfactory. One of the current USC digital
library projects is developing a Web-based
viewer for oversized artifacts (e.g., newspa-
pers, large images). The initial prototype
featured a tremendously powerful and
high-speed viewing capability, based on a
COTS product called ER Mapper. The
initial project review approved selection of
this COTS product, even though it only
ran well on Windows platforms, and the
Library had significant Macintosh and
UNIX user communities. This decision
was based on initial indications that Mac
and UNIX versions of ER Mapper would
be available “soon.” These indications
proved unreliable, however, and the antic-
ipated delay became quite lengthy. So after
wasting considerable efforc on ER
Mapper, it was dropped in favor of a less
powerful but fully portable COTS prod-
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uct, Mr. SID. The excess effort could have
been avoided had the review team includ-
ed stakeholders from the Mac and UNIX
communities on campus who would have
done the necessary investigations earlier.
Hazardous Spiral Look-Alike:
Excluding Key Stakeholders

Essential 2 excludes the process model of
organizing the project into sequential
phases or cycles in which key stakeholders
are excluded. These omissions are likely to
cause critical risks to go undetected.
Examples are excluding developers from
system definition, excluding users from
system construction, or excluding system
maintainers from either definition or con-
struction. Excluding developer participa-
tion in early cycles can lead to project
commitments based on unrealistic
assumptions about developer capabilities.
Excluding users or maintainers from
development cycles can lead to win/lose
situations, which generally devolve into
lose-lose situations.

Spiral Essential 3: Level of
Effort Driven hy Risk
Considerations

Spiral Essential 3 dictates the use of risk
considerations to answer the difficult
questions concerning how much is enough
of a given activity such as domain engi-
neering, prototyping, testing, configura-
tion management, and so on. The recom-
mended approach is to evaluate Risk
Exposure (RE), which is computed as
Probability (Loss) * Size (Loss). There is
risk of project error RE... from doing too
little effort and project delay RE.. from
doing too much. Ideally, the effort
expended will be that which minimizes the
sum RE... + RE... This approach applies to
most activities that are undertaken in a
spiral development.

Variants: The variants to be considered
include the choice of methods used to pur-
sue activities (e.g., MBASE/WinWin,
Rational RUP, JAD, QFD, ESP) and the
degree of detail of artifacts produced in
each cycle. Another variant is an organiza-
tion’s choice of particular methods for risk
assessment and management.

Example: Pre-Ship Testing

Risk considerations can help determine
“how much testing is enough” before ship-
ping a product. The more testing that is
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Risk Exposure
RE =
Size (Loss) *
Pr (Loss)

REdelay
Market share losses

REerror
Defect losses

Amount of testing; Time to market

Figure 4: Pre-Ship Test Risk Exposure

done, the lower becomes RE.. due to
defects, as discovered defects reduce both
the size of loss due to defects and the prob-
ability that undiscovered defects still
remain. However, the more time spent
testing, the higher is RE.., from losses due
to both competitors entering the market
and decreased profitability on the remain-
ing market share. As shown in Figure 4,
the sum of these risk exposures achieves a
minimum at some intermediate level of
testing. The location of this minimum-
risk point in time will vary by type of
organization. For example, it will be con-
siderably shorter for a “dot.com” company
than it will for a safety-critical product
such as a nuclear power plant. Calculating
the risk exposures also requires an organi-
zation to accumulate a fair amount of cal-
ibrated experience on the probabilities and
size of losses as functions of test duration
and delay in market entry.

Hazardous Spiral Look-Alikes:

Risk Insensitivity
Hazardous spiral model
excluded by Essential 3 are:

look-alikes

* Risk-insensitive evolutionary develop-
ment (e.g., neglecting scalability risks).

* Risk-insensitive incremental develop-
ment (e.g., sub-optimizing during
increment 1 with an ad hoc architecture
that must be dropped or heavily
reworked to accommodate future incre-
ments).

* Impeccable spiral plans with no com-
mitment to managing the risks identi-

fied.

Spiral Essential 4: Degree of
Detail Driven hy Risk
Considerations

May 2001

Where Essential 3 circumscribes efforts,
Essential 4 circumscribes the results of
those efforts; it dictates that risk consider-
ations determine the degree of detail of
artifacts. This means, for example, that the
traditional ideal of a complete, consistent,
traceable, testable requirements specifica-
tion is not a good idea for certain product
components, such as a graphic user inter-
face (GUI) or COTS interface. Here, the
risk of precisely specifying screen layouts
in advance of development involves a high
probability of locking an awkward user
interface into the development contract,
while the risk of not specifying screen lay-
outs is low, given the general availability of
flexible GUI-builder tools. Even aiming
for full consistency and testability can be
risky, as it creates a pressure to premature-
ly specify decisions that would better be
deferred (e.g., the form and content of
exception reports). However, some risk
patterns make it very important to have
precise specifications, such as the risks of
safety-critical ~ interface  mismatches
between hardware and software compo-
nents, or between a prime contractor’s and

a subcontractor’s software.

This guideline shows when it is risky
to over specify and under specify software
features:

o If it’s risky to noz specify precisely, DO
specify (e.g., hardware-software inter-
face, prime-subcontractor interface).

* If it’s risky to specify precisely, DO NOT
specify (e.g., GUI layout, volatile COTS
behavior).

Variants: Unconstrained by Essential 4

are the choices of representations for arti-

facts (SA/SD, UML, MBASE, formal
specs, programming languages, ... ).

The Spiral Model as a Tool for Evolutionary Acquisition

Example: Risk of Precise
Specification

One editor specification required that
every operation be available through a
button on the window. As a result, the
space available for viewing and editing
became unusably small. The developer was
precluded from moving some operations
to menus because the GUI layout had
been specified precisely at an early step.
(Of course, given too much freedom pro-
grammers can develop very bad GUIs.
Stakeholder review and prototype exercis-
es are necessary to avoid such problems.)
Hazardous Spiral Look-Alikes:
Insistence on Complete
Specifications

It is often risky to undertake a spiral devel-
opment project wherein complete specifi-
cations are pre-specified for all aspects.
Aspects such as those described in the
example should be left to be further
defined during project exploratory phases.

Spiral Essential 5: Use Anchor

Point Milestones LCO, LCA, 10C

A major difficulty of the original spiral
model was its lack of intermediate mile-
stones to serve as commitment points and
progress checkpoints. This difficulty has
been remedied by the development of a set
of anchor point milestones:

LCO - Life Cycle Objectives - what

should the system accomplish?

LCA - Life Cycle Architecture - what

is the structure of the system?

IOC - Initial Operating Capability -

the first released version.
(The artifacts for each are provided by an
electronic process guide [10] and are also
used by the Rational Unified Process.)

The focus of the LCO review is to
ensure that at least one architecture choice
is viable from a business perspective. The
focus of the LCA review is to commit to a
single detailed definition of the project.
The project must have either eliminated
all significant risks or put in place an
acceptable risk-management plan. The
LCA milestone is particularly important,
as its pass/fail criteria enables stakeholders
to hold up projects attempting to proceed
into evolutionary or incremental develop-
ment without a life cycle architecture.
Each milestone is a stakeholder commit-
ment point: at LCO the stakeholders

www.stsc.hillaf.mil 7
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commit to support building architecture;
at LCA they commit to support initial
deployment; at IOC they commit to sup-
port operations. Together the anchor point
milestones avoid analysis paralysis, unreal-
istic expectations, requirements creep,
architectural drift, COTS shortfalls and
incompatibilities, unsustainable architec-
tures, traumatic cutovers, and useless sys-
tems.

Variants: One appropriate variant of
Essential 5 is the number of spiral cycles
between anchor points. Another possible
variant is to merge anchor points. In par-
ticular, a project using a mature and
appropriately scalable fourth generation
language (4GL) or product line frame-
work will have already determined its
architecture by its LCO milestone,
enabling the LCO and LCA milestones to
be merged.

Example: Stud Poker Analogy

A valuable aspect of the spiral model is its
ability to support incremental commit-
ment of corporate resources rather than
requiring a large outlay of resources to the
project before its success prospects are well
understood. Funding a spiral development
can thus be likened to the game of stud
poker. In that game, you put a couple of
chips in the pot and receive two cards, one
hidden and one exposed. If your cards
don’t promise a winning outcome, you can
drop out without a great loss. This corre-
sponds to cancelling a project at or before
LCO. If your two cards are both aces, you
will probably bet on your prospects aggres-
sively (or less so if you see aces among
other players’ exposed cards). Dropping
out of the second or third round of betting
corresponds to cancelling at or before
LCA. In any case, based on information
available, you can decide during each
round whether it's worth putting more
chips in the pot to buy more information
or whether it’s better not to pursue this
particular deal or project.

Hazardous Look-Alike:

Evolutionary Development Without Life
Cycle Architecture

The LCO and LCA milestones’ pass-fail
criteria emphasize that the system’s archi-
tecture must support not just the initial
increment’s requirements, but also the sys-
tem’s evolutionary life-cycle requirements.
This avoids the hazardous spiral look-alike

of an initial increment optimized to pro-
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Figure 5: Scientific American Order Processing

vide an impressive carly system demon-
stration or limited release, but without
the architecture to support full-system
requirements for security, fault-tolerance,
or scalability to large workloads. Other
important considerations for LCA are that
the initial release ensure continued key
stakeholder participation, that the user
organizations are flexible enough to adapt
to the pace of system evolution, and that
legacy-system replacement be well thought
out. Ignoring these aspects lead to other
hazardous spiral look-alike processes.

Spiral Essential 6: Emphasis
on System and Life Cycle

Activities and Artifacts

Spiral Essential 6 emphasizes that spiral
development of software-intensive systems
needs to focus not just on software con-
struction aspects, but also on overall sys-
tem and life-cycle concerns. Will the
product satisfy stakeholders? Will it meet
cost and performance goals? Will it inte-
grate with existing business practices?
Will it adapt to organizational changes?
Software developers are apt to fall into
the oft-cited trap: “If your best tool is a
hammer, the world you see is a collection
of nails.” Writing code may be a devel-
oper’s forte, but it is as important to the
project as are nails to a house.

Variants: The model’s use of risk con-
siderations to drive solutions makes it
possible to tailor each spiral cycle to
whatever mix of software and hardware,
choice of capabilities, or degree of pro-
ductization is appropriate.

Example: Order Processing

An example of failure to consider the
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whole system occurred with the Scientific
American order processing system in
Figure 5 [11]. Scientific American had
hoped that computerizing the functions
being performed on tabulator machines
would reduce its subscription processing
costs, errors, and delays. Rather than ana-
lyze the sources of these problems, the
software house focused on the part of the
problem having a software solution. The
result was a batch-processing computer
system whose long delays put extra strain
on the clerical portion of the system that
had been the major source of costs, errors,
and delays in the first place. The software
people looked for the part of the problem
with a software solution (their “nail”),
pounded it in with their software hammer,
and left Scientific American worse off than
when they started.

This kind of outcome would have
resulted even if the software automating
the tabulator-machine functions had been
developed in a risk-driven cyclic approach.
However, its Life Cycle Objectives mile-
stone package would have failed its feasi-
bility review, as it had no system-level
business case demonstrating that the
development of the software would lead to
the desired reduction in costs, errors, and
delays. Had a thorough business case
analysis been done, it would have identi-
fied the need to reengineer the clerical
business processes as well as to automate
the manual tab runs.

Hazardous Spiral Look-Alikes:
Logic-Only 00 Designs

Models excluded by Essential 6 include
most published object-oriented analysis
and design (OOA&D) methods, which

are usually presented as abstract logical
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exercises independent of system perform-
ance or economic concerns. For example,
in a recent survey of 16 OOA&D books,
only six listed the word “performance” in
their index, and only two listed “cost.”

Using the Spiral Model for
Evolutionary Acquisition

Both the February and September work-
shops had working groups on the relation-
ships between spiral development and evo-
lutionary acquisition. A primary conclu-
sion was that the relationships differ across
two major DoD acquisition sectors:

* Information systems, such as C4ISR sys-
tems, logistics systems, and manage-
ment systems, in which spiral and evo-
lutionary models coincide well.

* Software-intensive embedded hard-
ware/software systems, in which the
software aspects best follow a spiral
approach, but the hardware aspects need
to follow a more sequential approach to
accommodate lead times for production
facilities, production subcontracts, and
long-lead critical component orders.

Even for embedded systems, however,
spiral approaches can be helpful for syn-
chronizing hardware and software process-
es, and for determining when to apply an
evolutionary, incremental, or single-step
acquisition strategy. For example, Xerox’s
time-to-market process uses the spiral
anchor point milestones as hardware/soft-
ware synchronization points for its printer
business line [12]. Rechtin and Maier
adopt a similar approach in their book, the

Art of Systems Architecting [13].

The Spiral Model as a Tool for Evolutionary Acquisition

Develooment strate Define all Multiple develop- Distribute interim
P 9 requirements first? ment cycles? software?
Once-Through (Waterfall) Yes No No
Incremental (Preplanned Yes Yes Mavbe
Product Improvement) y
Evolutionary No Yes Yes

Table 1: Evolutionary Acquisition Distinctions [14]

A good example of the use of a risk-
driven spiral approach to determine a pre-
ferred software/system acquisition strategy
was originally developed for DoD’s MIL-
STD-498, and subsequently incorporated
in IEEE/EIA 12207 [14]. This approach
distinguishes among single-step (once-
through or waterfall), incremental, and
evolutionary acquisition processes as
shown in Table 1. Thus, evolutionary
acquisition avoids defining all require-
ments first, and proceeds in multiple
development cycles, some of which
involve distribution and usage of initial
and intermediate operational capabilities.

Table 2 shows how a spiral risk analy-
sis can be performed during early integrat-
ed product and process definition cycles to
select the most appropriate acquisition
process for a system. The example shown
in Table 2 is for a fairly large, high-tech-
nology C4ISR system. For such a system,
the high risks of poorly-understood
requirements and rapid technology
changes push the decision away from
once-through or incremental acquisition,
while the needs for an early capability and
for user feedback on full requirements

Table 2: Spiral Risk Analysis for Process Selection [14]

Cippaiuniiy - Chen
Ragsaiia e L il Tl i Lawal

lmee-Throupgh Scgpuisivisn

lssygy animsip gl —mzme, H

1 HKEE Py
i milihle revn Py

v prelers ol copabils Tirsl dehveis (X

Incremss maal Ao ipsdsloisn

i purelisis all capaldl Tiesl ilelivei L

Rocpiiiremain e e oot wall immador

Mepiil changs:
nipe Hie srgmrree-nls

May 2001

shing st fing wail bz in S H

¥ Redjiibalalon

=P CE TV [TTE T Ty tinbn iw i

. Y '

15 crpralii weoibe i
i 1t

yramiTing will he inces s ]

push the decision toward evolutionary
acquisition. If the system had been a small,
lower-technology embedded system where
all capabilities are needed at first delivery,
the risk and opportunity factors would
push the decision away from evolutionary
and incremental acquisition toward once-
through or single-step acquisition.

Conclusion

This paper has defined the spiral develop-
ment model as a risk-driven process model
generator with cyclic process execution
and a set of three anchor point milestones.
The definition was sharpened by present-
ing a set of six “essential” attributes; that
is, six attributes which every spiral devel-
opment process must incorporate. These
essentials are summarized in Table 3 (See
page 10). Omission of each of these gives
rise to process models that are cyclic or
iterative, but are not examples of spiral
development. These are called “hazardous
spiral look-alikes.” Each was described and
pilloried as part of describing the Essential
it violates.

Spiral development works fairly seam-
lessly with evolutionary acquisition of
information systems. For evolutionary
acquisition of software-intensive embed-
ded hardware-software systems, a mix of
spiral and sequential processes is often
needed. Even here, however, the spiral
anchor points and risk-driven process
selection approach are useful for determin-
ing how best to synchronize the hardware

and software processes. ¢

References

1.Boehm, B., A Spiral Model of Software
Development and  Enhancement,
Computer, May 1988, pp. 61-72.

2.Department of Defense Instruction
5000.2, Operation of the Defense

www.stsc.hillaf.mil 9



Best Practices

Spiral Model Ezsantial Elemant
Wiy essential
1. Concurrent determination of H‘Iﬂl artilacts
Avaide pramatung sagquantial commmeants i

syalam raqgiaraments, design, COTS, combinabion
al cost | schadule { periormanoo

Yariants

Fedatines amounl of aach anilad developssd in each
owcla

Mumber of concunment mini-cycles in aach cycla

2. Each ﬂ'.'t-'lﬁ dops MJaniima. canglraints, allernatives, risgks, review, and commitmeant 10 proceesd
Avaids commiment 1o alakenaller-unacceptable Choics af riek resclulion techniguss. prolohypng,
nr avany risky alleimatuns sirmilalion. modeing, henchmarking, ralarance
Avakls wasted effort in alabarsiing ureatslactony = ECRI, BAC

alernatives Level of affort on emch actiaby within each opcle

3. Leval of affort driven by risk considarations
Oefarmines Tiow much s enough™ ol sach activily:
domain engineerng, protatyping, besting, CM, o

Chaics alf mathods used o pursur acistlas:
MBAZESYiINWIn, Ralioral BUP, JAD OFD, ESP, ..

Avaids overkll or belabed nsk resalution Degres of delail of artifacts produced ineach cpche

4. Degree of defail driven by risk considerations
Defermines Thow much s enough” ol each ardfact
(S0, Regurements, Deaign, Coda, Plana) in
aach cych

Chiaice of artifact representations (SAS0, ISIL,
MBASE. formal specs, programiming kanguages, ec |

Avaids pvarkill or halabed risk resakilion

5. Use of anchor point milestones: LCO, LCA, 10C
Avaides anakyaiz paralysia, urvealolic axpaciaiong,
reqjuiremants craep, archiaciural doft, COTS
shortfalis and incompabbilfes, unsustxrabie
archibscturas, raumslic cutavens, and usalass
Evalaing

6. Emphasis on syslem and life cycle activities and artifacts

points
Shualion-specific merging o anchar point milesionas

Avdids pramatung suboglinmizalion on hardwaie,  Relalive ameun] in each Secle of
soittvasing, of devslopmend conskdarations - hardvesres v safbwgres
& capabiity
«  productizalion (alpha, beta, shrink-wrap,
(3 Tl ]

HNurmber of spral cydles oF incramenls bebwasn anchor

Hagardous |ook-alikes

Imcraimsanlal sedguantial walerlalls
wilh significand COTE, Lsar
inlerface, ar echnokogy nsks

Sequental apical pheses willy key
slakehaldars axclisdad from phases

Hisk-rscnsbve evaluionary ar
incremental development

Impeccable spiral plan with no
comrrniltment o mansgiryg reks

Insizlence an complele
specilicalions foe COTS, usar
interface. ar dalermad-dacksicn
siualkicres

Evclulicrany davalapimsan with no
I8a-cyoha archiaciung

Purely kagical abjecl-gneniad
mexihndols with cpanational
performance, or cost rizks

Table 3: Summary

Acquisition System, September 2000,
www.acq.osd.mil/ap/i50002p.doc
3.Hansen, W.; Foreman, J.; Carney, D;
Forrester, E.; Graettinger, C.; Peterson,
W.; and Place, P, Spiral Development
Building the Culture: A Report on the
CSE-SEI Workshop, February 2000,
Engineering  Institute,
Carnegie Mellon University, Special
Reporc CMU/SEI-2000-SR-006, July
2000, www/cbs/spiral2000/

february2000/finalreport.html

Software

4.Hansen, W.; Foreman, ].; Albert, C;
Axelband, E.; Brownsword, L.; Forrester, E. ;
and Place, P, Spiral Development and
Evolutionary Acquisition: The SEI-CSE
Workshop, September, 2000, Software
Engineering Institute, Carnegic Mellon g
University, Special Report, in preparation.

5.Bochm, Barry, edited by Hansen, Wilfred J.,
Spiral Development: Experience, Principles, 9
and Refinements, Software Engineering
Institute, Camegie Medllon University, Special
Report CMU/SEI-00-SR-08, ESC-SR-00-
08, June, 2000, www/cbs/ spiral2000/febru

ary2000/BochmSR haml.
6.Carr, M. J.; Konda, S. L;; Monarch, L; 14

10 CrossTarnk The Journal of Defense Software Engineering

Ulrich, E C., and Walker, C. E,
Taxonomy-Based Risk Identification,
Software Engineering Institute, Carnegie
Mellon University, Technical Report
CMU/SEI-93-TR-6, ESC-TR-93-183,

June, 1993, www.sei.cmu.edu/legacy/
risk/kit/tr06.93.pdf

. Williams, R. C.; Pandelios, G. J.; and

Behrens, S.G., Software Risk
Evaluation (SRE) Method Description
(Version 2.0), Software Engineering
Institute, Carnegie Mellon University,
Technical Report CMU/SEI-99-TR-
029, ESC-TR-99-029, December,
1999, www.sei.cmu.edu/pub/docu

ments/99.reports/pdf/99¢r029
body.pdf

. Bochm, B., Unifying Software Engineering

and Systems Engineering, /EEE Computer,
March 2000, pp. 114-116.

. Bochm, B., Software Risk Management,

IEEE Computer Society Press, 1989.

10.Mehta, N., MBASE Electronic Process

Guide, USC-CSE, Los Angeles, Calif,,
October 1999, sunset.usc.edu/research/
MBASE/EPG
.Boehm, B., Soffware Engineering Economics,

New York, N.Y., Prendice Hall, 1981.

12.Hantos, P, From Spiral to Anchored
Processes: A Wild Ride in Lifecyde Building
architecture, Proceedings, USC-SEI Spiral
Experience Workshop, Los Angeles, Calif,,
Febuary 2000, www.sei.cmu.edu/cbs/spi
ral2000/Hantos

13.Rechtin, E., and Maier, M., The Art of
Systems Architecting, CRC Press, 1997.

14.IEEE and EIA, Industry Implementation of
ISO/TEC 12207: Software Life Cycle
Processes-Implementation  Considerations,

IEEE/EIA 12207.2 - 1997, April 1998.

Article Web Site Location

heep://www.sei.cmu.edu/pub/docu

ments/00.reports/pdf/00sr008.pdf

“It is impossible to make a program
foolproof because fools are so
ingenious.”

Anonymous

May 2001



About the Authors

Batry Boehm, Ph.D., is the TRW professor of soft-

ware engineering and director of the Center for

Software Engineering at the University of Southern

California. He was previously in technical and man-

agement positions at General Dynamics, Rand

Corp., TRW, and the Office of the Secretary of
Defense as the director of Defense Research and Engineering
Software and Computer Technology Office. Boechm orginiated the
spiral model, the Constructive Cost Model, and the stakeholder
win-win approach to software management and requirements nego-
tiation.

University of Southern California
Center for Software Engineering
Los Angeles, CA 90089-078I
Voice: 213-740-8163

Fax: 213-740-4927

E-mail: boehm@sunset.usc.edu

Wilfred J.Hansen has been consulting on the tools and processes
for utilizing commercial-off-the-shelf (COTS) software within larg-
er systems at the Software Engineering Institute. Previously he was
director of the Andrew Consortium where he led the development
and maintenance of the Andrew User Interface System, which was
the first modern word-processor in that it originated the embed-
ding of arbitrary objects into text and into other objects. One of his
contributions to Andrew was a scripting language having a unique
integer-free sub-language for processing strings. Earlier in his career,
Hansen taught data structures and programming languages.

Software Engineering Institute
4500 Fifth Avenue

Pittsburgh, PA 15213-3890
Voice: 412-268-8247

E-mail: wjh@sei.cmu.edu

Software Technology Support Center

www.stsc.hill.af. mil

The Software Technology Support Center (STSC) was estab-
lished in 1987 as the command focus for proactive application
of software technology in weapon, command and control, intel-
ligence, and mission-critical systems. The STSC provides hands-
on assistance in adopting effective technologies for software-
intensive systems. It helps organizations identify, evaluate, and
adopt technologies that improve software product quality, pro-
duction efficiency, and predictability. STSC uses the term tech-
nology in its broadest sense to include processes, methods, tech-
niques, and tools that enhance human capability. Its focus is on
field-proven technologies that will benefit the Department of
Defense mission.

May 2001

The Spiral Model as a Tool for Evolutionary Acquisition

Software Engineering Institute

www.sei.cmu.edu

The Software Engineering Institute (SEI) is a federally funded
research and development center sponsored by the Department
of Defense to provide leadership in advancing the state of the
practice of software engineering to improve the quality of systems
that depend on software. SEI helps organizations and individuals
to improve their software engineering management practices. The
site features a software engineering management practices work
area that focuses on the ability of organizations to predict and
control quality, schedule, cost, cycle time, and productivity when
acquiring, building, or enhancing software systems.

Data & Analysis Center for Software

The Data and Analysis Center for Software (DACS) is a
Department of Defense (DoD) Information Analysis Center. The
DACS is the DoD software information clearinghouse serving as
an authoritative source for state of the art software information
and providing technical support to the software community. The
center’s technical area of focus is software technology and soft-
ware engineering, in its broadest sense. The DACS offers a wide
variety of technical services designed to support the development,
testing, validation, and transitioning of software engineering
technology. The DACS is technically managed by the Air Force
Research Laboratory - Information Directorate.

The Institute of Electrical and
Electronics Engineers
www.ieee.org

The Institute of Electrical and Electronics Engineers, Inc.
(IEEE), helps advance global prosperity by promoting the engi-
neering process of creating, developing, integrating, sharing, and
applying knowledge about electrical and information technolo-
gies and sciences for the benefit of humanity and the profession.
The IEEE is a nonprofit, technical professional association of
more than 350,000 individual members in 150 countries.
Through its members, the IEEE is a leading authority in techni-
cal areas ranging from computer engineering, biomedical tech-
nology and telecommunications, to electric power, aerospace and
consumer electronics, among others.

Software Productivity Consortium
www.software.org

The Software Productivity Consortium is a unique, nonprofit
partnership of industry, government, and academia. It develops
processes, methods, tools, and supporting services to help mem-
bers and affiliates build high-quality, component-based systems,
and continuously advance their systems and software engineering
maturity pursuant to the guidelines of all of the major process
and quality frameworks. The site features an interactive section to
discuss new trends.

www.stsc.hillafmil 11



LONQoHd 13437 LN
Adl¥3n "d073A30

Lt

HZHE3a
a37v.L3a

'.j'

BHHYNHINIE

MNOILYL
1231 FoNy | NIWINDNI

A, ~Ld3oav
W ONVWNOLL
._....._....._.w_m_m_._.!_

\
1

HOILYDIAI-3A AN
NOLWYQ¥A N2IS3a

HNOLLY O A

MaI534d SININIHINDTY

LINO0H
JHTALAOE

510d
FUYMLADS

W d
1531 NV
NOILWHDILNI

Hv1d LHIWN
~d13A30

Hvd
AT2AD 31N
WY 1d SL0H

SISVHA
L¥3IN Hvd

-

-
BHEE IATO5TH
“AdILWNEAl
SIALLYHNEILTY
ALYNIwAS

SISATENY HEIM

SISATVNY WS-

-

Sd318

HONOXHL Tl......ll...\

S5IHD0OEA

LS00
_1 JALLYTINWND

AAIATE

NoLLILEYd
INIWLINNOD

-

SINIVHLENDD
"SIAILYNEILTY
S3AILITArE0D
IHIWHE3LEA]




UL IO PUR
MATADD JIPIOYIYEL T

sauogsagiu purod
AOYIUE JE Wy g

AU0)SI| I

SIAEJILIE A[2A 1] _Es_
masAs wo seseydug g

SIIRJILIE A3y J0 HOpe
SN ETRT R TIENNT BTV I |

| ..._E._.._ 10 |24

.l|T

[l g ; ...:..n.___ﬂ
SAALIP YSIY p

[1E1ap jo aaasap “ j
\p i ﬂ._m.._;,,,,

HI0JJ3 J0 [2a3]
SIALIP ST CE




awi) asuodsay

BuidAjojoig Jaly

oadg jewmbugp

- 18AI25-JUa1|9)
paiipon

S10SS820.1d
ayosen Auepy
Jwolsng




IR G AU | SROEA O qunany

(ETRIEE

e (550 ) 22y
=aH
adnsoily 1 *51H

...:._.......__ SIENS JSEA _....

L




AAISHELNIHOEY T 340N &
.?_-.. E |_| STO0HLNDD LMNdMNI IROEHIENND &
DHNIMONYH"NOILd32Xa H00d &

SAYI30 HALVIHD

sadYD
SHOHHI T¥IAIHL TH0N &

3% 1d3H ONY HINADASH

_ P H04 HLIM STINGITY :
§M230 3L¥00T _ S11NS3H

DEA TRV

SLNAMI
QIrmeAMI . S1HO43H 738 ﬁ
SLNO0J3Y ‘518 ILYHINID ETTE
5138V | 3114 HALSVIN Aivadn | | 3dvl E SNOILYLS VN

=18 SLACNI QITYA HOFHD [T | L-auvd WHOM SNINOINI

GEMaT wWal
HIALEYN Fd HILETIN .
phbn - SHICUO-NON WALSAS WaN

HINNdATH
Twa3A3 A8 XId 1

| S TIELLLL )

v

SLNdNI QITYAN — SOHYS HILYE AJIN3A | gyanu0 I9vD

SNHINH 8vL ‘HIOMNG ‘3003 "LH0s A
¢ 'SNOLLVLS SHOM [ BUTIHEYD (g o
x

SYIHEO-NON NALSAS 10

SLHOAY '§7138V71 '§118 4




ON

ON

S8

53

Kieuonnioa3

WwanoJdw) )
_:um_._mﬁ___._w_ﬁ_m.i"_ [ ETITETS

-30U0)
(Ilepsepn) ybnoay)

4 BIBMYOS .
LUl gngua st

i 5a1aka JuBLL
QMM% a|dnny

J
i 1.4 SjuawaNNDa:
- ||E suya]

Absjeus walwdoEneg




speracranbag
[T PITEESISLN O [FApant 51 Ssaf g
Aflopmugaa) jo SUrIo)mIon e R0 R 19 )

PRILISEDEAT By [[1as TULLies S g

papann s1 Ajrpgedes Spamg

SIAMUEBIN CUU] A [RINIEE SR WDEEAS Al AADATP BSI 1E sapaedes e seagad g

s bay AIREGIngoay

s nbhag ) ey
pEILEEEay aq e Tuguesdapung | H Auii- papediague AHopou s w saues pidey

SIS L] A BRI S WDER AL [T Adanpap pmany b sagipoudies e sdagand sy
papaau s1 ALialrs Aparg H POOESISPUN v B0 ST Spusaain by

LLEERE N U R TR TR TR ETTY

A} MO ARIRAR FE PTG 0 RS ety

A QDL I IR O O] DRI 00 e s

T sjuatanmbar s afums
1 R wesEAs pooano asegd o1 2eagaad amsn H - pedianum ARojompang i sadues pdeyg

AIBAT[OP 15000 12 saxupgedes e aeagaad sy H ORI [5G BT AT SR g

woepngsyn ey gimeang g -asugy

[ARDEOS Sl asn O] Seosnag]) e [ARapmns s suefin suoseay b
ey Armmnaodcl BRI La] §Ei




=

A~ LS Eped eudiE) uoiye e posd

SHEU 1505 50 AU uLGpEd Apigadez
FRLACH | BT LjJI S BIEMUDS "BA SUBMPIEL " SUO R ELOT Jusd om0 Ry s
paqisaaa-1aaiae Eaba) 4smg 10 STAD UIEE Ul UNOIIE SANBIF  CBIEMEUBY 10 HIEZILE0OnEG sumELasd spiney

SIRIME pUR saAnIR a0 ay) pus wagsds vo sseydwg g
BILIBIRAR

S50 B U S SROD SRS LN SR Nk LD
sEUn]EER Wiod Joyaue po Gubisaw naeds-uonenks OEURPSISUN “SHP e OO Qe SEHoys

BINDERLLIE aka-aa AT S0 P [BINDE R ‘dasiD sjuaisainbal
G i Juaid oD UBUOONOAT 0L LBEM]SG SIS0 10 S RIS |0 saounp] SUspEoedng D)9 Eaun SsijEmed sEipue spoey

201 '¥27 ‘097 1sauisa)w juiod J0YIUE jo s G

SLONETYS L0 S8 HEU DBJE|S IO [IBsT SHiDey

LD SBD-PeuBBD J0 "BEpE(L apaka yoea

lEEn ‘g ey o) susiepaeds e ‘sabenbue) BunowsuBosd soads puucy 'SSYER ul (5o o uliseg suswaanbay 'gan)l

B 0D LR S3USISIS0| TN OSMYS) SUBIEIUSSRR JDEI0ME |0 a0 FERIUE EEE |0 YBnous 5] Loni Moy, SSmunsEag
BUDRIBMIEUGD Y5 A uaalp IRjEp = aasfag p

ayEU BuSiEuRIL ) JUSUN ILIDD
o i uEd peaeds ajoedsedu) BOAD Y3EE u) pecnposd Spaepge o esp o sailag LS OSE ¥EU DaYESg J0 pauaes SHiony

s EanBD |EJUSLLEIW "H53 Q40 e Ny BUONEY WARANTEYEIN e D Buss) Gued Spood ‘Guussiiieg uewop
X3 AIRUOnOAG SRIISURSLI R sanwnae arsmd o pasn Spos p anoys Amnae gee o ybnous 51 yanw soy, ssmuusEg

SUOHEIBPISUOD YE1 AG UBALIP Hogys jo |aae7 f

apdD oRE e SANDE YDRE 160 JOYE j0 (@ =T [ TR
o Bunpayn  WOICRISIEEUN DUIEIOCEIS U8 LIS DRIBEM SIDAY

SEEELH WA pApN| e SIS0IILBYE]S BOLIRIA) B .m_._.a._..m_._.__._ﬂ._m__u .&_..._m.n..u_._.._ L EFILIEE BRAIPRILLS B AYEL A asD a0
Aad Uk sageyd jeiids muanbag ‘Biadfogoid Eanbiuuded WOgNOosed W5l p0 S0l SjqEESTEL M-S Ol Sa LS G) (LIS LU SOy

paasoad O JUSLG WS PUE 'MajAR 'S5 "SaAIEWa)E ‘SIUEIEUCD ‘sas0alno saop ajak yaeg 7
s Afopouynen J0 ‘soRpE) BEDAD DR ) SE - LU LIBLIN 3D |0 SN souewOpad | SNPEYDE | 1500 J0

JBET "G L0 WEDMGE yve BED  UDIEUGWoD ‘5 ) 0 uliEep ‘suswsainba wWeysks
s oy [Eguanbas EuswEsL| Yot ul padojasen ey goes jo JUnoWws: sy 1] SPEUPLILLS Ruanies armesasd smoey

SPEiUE £y jO Uo[jeujlisjap Jusdinawo sy ©|
EJUEIER, [EFTEEERTTT

weLwe|3 |enusssy |epoj (eads




