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Analysis

Goal-oriented
requirements
analysis
techniques focus
on organizational
as well as
technical
objectives, and
provide means for
refining such
objectives so that
you can more
effectively explore
alternatives during
requirements
definition. Once
you select a set of
alternatives to
achieve these
objectives, you can
elaborate them
during subsequent
phases to make
them more precise
and complete.
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raditionally, requirements analysis consisted of identifying rele-

vant data and functions that a software system would support.
The data to be handled by the system might be described in terms
of entity-relationship diagrams, while the functions might be de-

scribed in terms of data flows. Or you could use object-oriented analysis

techniques that offer class, use case, state chart, sequence, and other dia-

grammatic notations for modeling.

While such techniques! form the founda-
tion for many contemporary software engi-
neering practices, requirements analysis has
to involve more than understanding and
modeling the functions, data, and interfaces
for a new system. In addition, the require-
ments engineer needs to explore alternatives
and evaluate their feasibility and desirabil-
ity with respect to business goals.

For instance, suppose your task is to build
a system to schedule meetings. First, you
might want to explore whether the system
should do most of the scheduling work or
only record meetings. Then you might want
to evaluate these requirements with respect to
technical objectives (such as response time)
and business objectives (such as meeting effec-
tiveness, low costs, or system usability). Once
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you select an alternative to best meet overall
objectives, you can further refine the meaning
of terms such as “meeting,” “participant,” or
“scheduling conflict.” You can also define the
basic functions the system will support.

The need to explore alternatives and eval-
uate them with respect to business objectives
has led to research on goal-oriented analy-
sis.>> We argue here that goal-oriented analy-
sis complements and strengthens traditional
requirements analysis techniques by offering
a means for capturing and evaluating alterna-
tive ways of meeting business goals.

The remainder of this article details the five
main steps that comprise goal-oriented analy-
sis. These steps include goal analysis, softgoal
analysis, softgoal correlation analysis, goal
correlation analysis, and evaluation of alter-
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natives. To illustrate the main elements of the
proposed analysis technique, we explore a typ-
ical scenario that involves defining require-
ments for a meeting scheduling system.

Goal Analysis

Let’s suppose that the meeting-scheduling
task is a generic goal we want to achieve. We
can then use AND/OR decompositions to ex-
plore alternative solutions. Each alternative
reflects a potential plan for satisfying the goal.
Figure 1 presents the decomposition of the
Schedule Meeting goal. We mark the AND
decompositions with an arc, which indicates
that satisfying the goal can be accomplished
by satisfying all subgoals. We mark the OR
decompositions, on the other hand, with a
double arc; these decompositions require only
one of their subgoals to be satisfied.

In Figure 1, the goal Schedule Meeting is
first AND-decomposed to two subgoals: Col-
lect Constraints and Generate Schedule. The
Generate Schedule subgoal is OR-decom-
posed into three subgoals that find a schedule
manually, automatically (by the system being
designed), or interactively. Other decomposi-
tions explore alternative ways of fetching the
necessary information, including timetable
information, which might or might not be
publicly available for each potential partici-
pant. Even in this simple example, there are
literally dozens of alternative solutions.

Generally, AND/OR diagrams system-
atize the exploration of alternatives within a
space that can be very large. These diagrams
make it possible to conduct a simple form of
analysis. In particular, suppose we choose
three leaf nodes—marked with a checkmark
in Figure 1—as requirements for the system.
With a simple, well-known algorithm, we
can explore whether we’ve achieved the
root goal or not. In particular, the algorithm
propagates a check upwards if all the sub-
goals of an AND-goal are checked or one of
the subgoals of an OR-goal is checked.

Softgoal Analysis

Unfortunately, basic goal analysis can
only help us with goals that can be defined
crisply, such as having or not having a meet-
ing scheduled. Not all goals, however, can
be so clearly delineated. Suppose we want
to represent and analyze less clear-cut re-
quirements such as “the system must be
highly usable” or “the system must improve
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meeting quality.” Such requirements, often
called qualities or nonfunctional require-
ments, can’t be defined generically nor can
they have clear-cut criteria to determine
whether they’ve been satisfied. For these re-
quirements, we need a looser notion of goal
and a richer set of relationships so that we
can indicate, for example, that a goal sup-
ports or hinders another one without being
limited to strict AND/OR relationships.

To model this looser notion of goal, we
use the notion of softgoal, presented in de-
tail in Nonfunctional Requirements in Soft-
ware Engineering.* Softgoals represent ill-
defined goals and their interdependencies.
To distinguish softgoals from their hard
goal cousins, we declarea softgoal as being
satisfied when there is sufficient positive ev-
idence and little negative evidence against it;
a softgoal is unsatisfiable when there is suf-
ficient negative and little positive evidence.

Figure 2 illustrates an example that focuses
on the quality “highly usable system,” which
might be as important an objective as any of
the functional goals encountered earlier. The
softgoal Usability in Figure 2 represents this
requirement. Analyzing this softgoal consists
of iterative decompositions that involve
AND/OR relationships or other more loosely
defined dependency relations. Figure 2 shows
a number of such relationships labeled with a
+ sign, which indicates that one softgoal sup-
ports—or “positively influences”—another.

In Figure 2, for instance, User Flexibility is
clearly enhanced not only by the system qual-
ity Modularity, which allows for module sub-
stitutions, but also by the system’s ability to
allow setting changes. These factors, how-
ever, are not necessarily sufficient to satisfy
User Flexibility. This is why we use +/- labels
to describe relationships instead of AND/OR
labels. Figure 2 provides only a partial de-
composition of the softgoal. In particular, the

Figure 1. An AND/OR

the meeting-schedul-
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space of alternatives, which might be elabo-
rated through further refinements.

What is the relevant knowledge for identi-
fying softgoal decompositions and dependen-
cies? Some of the relevant knowledge might
be generic and related to the softgoal being
analyzed. For instance, general software sys-
tem qualities—such as reliability, perform-
ance, and usability—all have generic decom-
positions into a number of finer-grain quality
factors. There can also be generic rules for
decomposing finer-grain softgoals. Here is
one example: “A Speed performance softgoal
can be AND-decomposed into three soft-
goals: Minimize User Interaction, Use Effi-
cient Algorithms, and Ensure Adequate CPU
Power.” In certain situations, however, you
can use project-specific or task-specific de-
composition methods after agreement among
the project’s stakeholders.

For any given software development
project, you will always initially set several
softgoals as required qualities. Some of
these might be technical—such as system
performance—because they refer specifi-
cally to qualities of the future system. Oth-
ers will be more organizationally oriented.
For instance, it is perfectly reasonable for
management to require that introduction of
the new system should improve meeting
quality (by increasing average participation
and/or effectiveness measured in some way)
or that it should cut average cost per meet-
ing (where costs include those incurred dur-
ing the scheduling process). Softgoal analy-
sis calls for each of these qualities to be
analyzed in terms of a softgoal hierarchy
like the one shown in Figure 2.
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Softgoal Gorrelation Analysis

You can build softgoal hierarchies by re-
peatedly asking what can be done to satisfy
or otherwise support a particular softgoal.
Unfortunately, quality goals frequently con-
flict with each other. Consider, for example,
security and user friendliness, performance
and flexibility, high quality and low costs.
Correlation analysis can help discover posi-
tive or negative lateral relationships be-
tween these softgoals.

You can begin such analysis by noting
top-level lateral relationships, such as a neg-
atively labeled relationship from Perfor-
mance to Flexibility. This relationship can
then be refined to one or more relationships
of the same type from subgoals of Perfor-
mance (such as Capacity or Speed) to sub-
goals of Flexibility (such as Programmabil-
ity or Information Sharing). You repeat this
process until you reach the point where you
can’t refine relationships any further down
the softgoal hierarchies.

As with the construction of softgoal hier-
archies, you can discover correlations by us-
ing generic rules that state conditions under
which softgoals of one type—say, Perfor-
mance—can positively or negatively influ-
ence softgoals of another type. For example,
a correlation rule might state that complete
automation can prevent users from customiz-
ing or modifying output. This rule negatively
correlates certain automation-related per-
formance softgoals to certain flexibility ones.

Figure 3 shows diagrammatically the
softgoal hierarchy for Security, with correla-
tion links to other hierarchies developed
during the softgoal analysis process.

Goal Correlation Analysis

We next need to correlate the goals
shown Figure 1 with all the softgoals identi-
fied so far, because we propose to use the
latter in order to compare and evaluate the
former. For example, alternative subgoals of
the goal Schedule Meeting will require dif-
ferent amounts of effort for scheduling.
With respect to the softgoal of minimal ef-
fort, automation is desirable, while doing
things manually is not. On that basis, we
can set up positively or negatively labeled
relationships from subgoals to choose the
schedule Automatically or Manually, as
shown in Figure 4. On the contrary, if we
determine that meeting quality will be the



criterion, doing things manually is desirable
because, presumably, it adds a personal
touch to the scheduling process.

Figure 4 shows a possible set of correla-
tion links for a simplified version of the
Schedule Meeting goal in terms of the soft-
goals Minimal Effort and Quality of Sched-
ule. The goal tree structure in the lower
right half of the figure shows the refinement
of the Schedule Meeting goal, while the two
quality softgoal trees at the upper left of the
figure represent the softgoals that are in-
tended to serve as evaluation criteria.

Figure 4 illustrates a major advantage of
distinguishing between goals and softgoals: It
encourages the separation of the analysis of a
quality sort (such as Flexibility) from the ob-
ject to which it is applied (such as System).
This distinction lets you bring relevant knowl-
edge to bear on the analysis process—from
very generic knowledge (“to achieve quality
X for a system, try to achieve X for all its
components”) to very specific (“to achieve ef-
fectiveness of a software review meeting, all
stakeholders must be present”). Knowledge
structuring mechanisms such as classification,
generalization, and aggregation can be used
to organize the available know-how for sup-
porting goal-oriented analysis.

The final step of goal-oriented analysis
calls for an evaluation of alternative func-
tional goal decompositions in terms of the
softgoal hierarchies we’ve already con-
structed. You can evaluate alternatives by
selecting a set of leaf goals that collectively
satisfy all given goals. For our single given
goal, Schedule Meeting, we might want to
choose the two leaf goals labeled with
checkmarks in Figure 4. These leaf goals
clearly satisfy the Schedule Meeting goal. In
addition, we might want to choose sets of
leaf softgoals that collectively either satisfy
or at least provide the best overall support
for top-level softgoals.

Satisfying softgoals might be impossible
because of conflicts. Accordingly, our search
for alternatives might involve finding a set
of leaf softgoals that maximize their positive
support for top softgoals while minimizing
negative support. The result of this softgoal
evaluation will lead to additional design de-
cisions, such as using passwords or allowing
setting changes.
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Of course, generally there will be several
possible solutions to the satisfaction of
given goals and satisfying or finding the best
overall support for softgoals. These alterna-
tives all need to be evaluated and compared
to each other.

Putting Together the Pieces

In summary, goal-oriented analysis amounts
to an intertwined execution of the different
types of analysis we’ve outlined in this article.
The following steps summarize the process:

= Input: A set of functional goals, such as
Schedule Meeting, and also a set of qual-
ities, such as Improve Meeting Participa-
tion or Reduce Meeting Costs.

m Step 1: Decompose each functional goal
into an AND/OR hierarchy.

m Step 2: Decompose each given quality
into a softgoal hierarchy.

m Step 3: Identify correlations among soft-
goals.

m Step 4: Identify correlations between goals
and softgoals. Select a set of leaf softgoals
that best satisfy all input qualities.

m Step 5: Select a set of goals and softgoals

Figure 3. A partial
softgoal hierarchy for
Security, with corre-
lations to and from
other hierarchies.

Figure 4. The result
of goal correlation
analysis for Schedule
Meeting.
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that satisfy all given functional goals and
best satisfy all given qualities.

m Output: A set of functions to be per-
formed by the system that collectively
meet the functional goals set out.

Output can also reflect a set of design deci-
sions, such as to use back-ups that are in-
tended to address particular quality require-
ments. In addition, output can be a set of
requirements on the system’s operational envi-
ronment, such as the requirement that their
owners update timetables at least once a week.

e hope you agree that the steps

we’ve outlined here can precede

and augment conventional re-

quirements analysis. Indeed, defining data

and functions can begin with the functional

requirements produced by a goal-oriented
analysis.

For our example, once we select a set of

leaf nodes for satisfying the Schedule Meet-
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ing goal, we can proceed to define how
meeting scheduling will be done and what
the role of the new system will be. In other
words, conventional requirements analysis
assumes that we have already settled on a
particular solution that meets predefined
organizational and technical objectives
through the introduction of the new system.

The framework we presented here is es-
sentially a simplified version of a proposal
we’ve already fleshed out in detail else-
where.* Moreover, this framework is only
one sample among many proposals. For ex-
ample, the KAOS methodology employs a
rich and formal notion of goal-identifica-
tion as the central building block during re-
quirements acquisition.? There is also em-
pirical evidence that goal-oriented analysis
leads to better requirements definitions.’

Different conceptions of meeting a goal
have led to different ways of handling con-
flict and evaluating alternatives.® In addi-
tion, goals have been used as an important
mechanism for connecting requirements to
design. The “composite systems” design ap-
proach, for instance, used goals to construct
and later prune the design space.”

While there are indeed several different
approaches to goal-oriented requirements
analysis, we believe the technique proposed
here systematizes the search for a solution
that can characterize early phases of soft-
ware development, rationalizes the choice
of a particular solution, and relates design
decisions to their origins in organizational
and technical objectives.
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