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Abstract. Definitions of the concepts derived from the goal concept (in-
cluding functional and nonfunctional goal, hardgoal, and softgoal) used
in requirements engineering are discussed, and precise (and, when ap-
propriate, mathematical) definitions are suggested. The concept of sat-
isficing, associated to softgoals is revisited. A softgoal is satisficed when
thresholds of some precise criteria are reached. Satisficing does not cover
situations in which continual improvement of thresholds is expected. The
notion of excelling is suggested to cover such cases, along with the con-
cept of disposition to represent and reason about excelling.

1 Outline

One motive for representing and reasoning about a system is to precisely under-
stand the purpose thereof and subsequently use this information to identify, ana-
lyze, and select among alternative properties and behaviors needed of the system
to fulfill its purpose. The goal concept stands out among the various abstractions
proposed for the representation and reasoning about a system’s purpose. It is
now accepted that the concept is relevant for the elicitation, elaboration, struc-
turing, specification, analysis, negotiation, documentation, and modification of
stakeholders’ requirements on a system [TI2J3/4/5167IS9QITOITTIT2T3].

Few contributors to the field of requirements engineering (RE) agree on a
precise definition of the goal concept. Elasticity in definitions may facilitate
the basic understanding of goal-based RE frameworks to non-experts: common
knowledge substitutes for specialized RE knowledge, thus facilitating learning.
Elasticity, however, also involves difficulties in communication, imprecision in
intended meaning, and overuse and/or abuse of the terminology.

In response, we study definitions of the goal and its derived concepts, including
hardgoal, softgoal, functional goal, and nonfunctional goal. We suggest precise
definitions consistent with the literature; when appropriate, definitions are in
formal logic. It is usually said that a hardgoal can be achieved, while a softgoal
can only be satisficed. We revisit the concept of satisficing, commonly associated
to the concept of softgoal. A softgoal is satisficed when thresholds of some precise
criteria are reached. We argue that satisficing does not cover situations in which
continual improvement of thresholds is preferred. We subsequently suggest the
notion of ezcelling to cover such cases, along with the concept of disposition to
represent and reason about excelling. The contributions of this paper are: (i)
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the set of precise definitions of goal and derived concepts of hardgoal, softgoal,
functional goal, and nonfunctional goal; (ii) the notion of excelling intended
to complement the concepts of achievement and satisficing in goal-oriented RE;
and (iii) the concept of disposition intended for representing and reasoning about
requirements to which the notion of excelling applies.

2 Goal Concept in RE Research

System development frameworks include, since the 1970s some form of analysis
involving goals [9], among them context analysis, definition study, and participa-
tive analysis. Goals have become an essential part of any system’s documentation
through standards such as e.g., the IEEE-Std-830/1993. There is no established
definition for the goal concept: consider Table[Il which lists informal definitions
of the goal concept appearing in various goal-oriented RE frameworks. KAOS
highlights the nonoperational nature of goals, pointing to the need for taking
action to make goals precise by refinement (see, e.g., [2]). Broadly speaking, the
KAOS definition is in line with those of Tropos, i*, GDC, and Lightswitch: a goal
designates desirable conditions on the system and/or its environment. Such con-
dititions restrict the set of alternative system and environment states, so that it
is appropriate to say that a goal describes desired states. A different conceptual-
ization appears in NFR, where goals are employed for representing nonfunctional
requirements, in addition to design decisions, and arguments for or against other
goals. We can interpret “design decisions” as restricting potential desired system
and environment states. Notions of argument and justification appear in NFR
and GBRAM. We have discussed elsewhere [14] the relevance of argumentation
and justification for goal-oriented RE, arguing and illustrating that it is more
appropriate to maintain the notion of argument separate from the goal concept.

Regarding the use of goals for modeling nonfunctional requirements, two rel-
evant goal taxonomies have been introduced since the seminal contributions in
the NFR framework (see, e.g., [9/I8] for discussions)E Functional goals are dis-
tinguished from nonfunctional ones, and softgoals from hard goals. Functional
goals have been used to represent services that the software is expected to de-
liver (i.e., what the software does), whereas nonfunctional goals refer to quality
requirements that the software needs to satisfy while delivering the services (i.e.,
how the software provides services; e.g., securely, safely, rapidly, etc.). While it
is common to equate nonfunctional goals and softgoals (e.g., [1I), it has been
subsequently argued that softgoals belong to another taxonomy, in which they
are distinguished from hardgoals [9]. According to the traditional definition, “a
softgoal is similar to a (hard) goal except that the criteria for whether a softgoal
is achieved are not clear-cut and a priori.” [19] The definition used in the REF
framework [15] adds details, as shown in Table Il

While softgoal satisfaction cannot be established in a clear-cut sense [I], the
satisfaction of a hardgoal is objective in that it can be established using (formal)
verification techniques [2]. In this respect, a hardgoal is said to be achievable,

! This paragraph follows our previous discussions on the subject [18].
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Table 1. Informal definitions of the goal concept in goal-oriented RE

Framework

Informal definition of the goal (and derived) concepts

KAOS

“A goal is a nonoperational objective to be achieved by the composite
system. Nonoperational means that the objective is not formulated in
terms of objects and actions available to some agent in the system; in
other words, a goal as it is formulated cannot be established through
appropriate state transitions under control of one of the agents.” [2]

“A goal is a desired property about quantities in the environment.” [§]

Tropos and "

“A goal is a condition or state of affairs in the world that the stake-
holders would like to achieve.” [35II0]

NFR

“Goals [represent] non-functional requirements, design decisions and
arguments in support or against other goals.” [1J7]

REF

“According to the nature of a goal, a distinction is made between hard
goals and soft goals. A goal is classified as hard when its achievement
criterion is sharply defined [...]. For a soft goal, instead, it is up to the
goal originator, or to an agreement between the involved agents, to
decide when the goal is considered to have been achieved |[...]. In com-
parison to hard goals, soft goals can be highly subjective and strictly
related to a particular context; they enable the analysts to highlight
quality issues [...] from the outset [...]” [15]

GDC

“An enterprise goal is a desired state of affairs that needs to be at-
tained.” [16]

GBRAM

“Goals are high level objectives of the business, organization or system.
They capture the reasons why a system is needed and guide decisions
at various levels within the enterprise.” [4]

Lightswitch

“[A] maintenance goal is said to represent a condition that remains con-
stant. [...] [An] achievement goal has definite pre and post-conditions.
The pre-condition represents the interpretation that the state of affairs
has drifted (or will drift) outside of the threshold associated with the
norm [i.e., a variable of the system whose state the system attempts to
maintain unchanged as defined by an observer|. The post condition is
an interpretation that is within this threshold.” [17]

whereas a softgoal is satisficeable [IITIT2]. The concept of satisficing originates
in H. Simon’s work [20] in economics: to satisfice is to set a threshold, and
accept any achievement above the threshold. In addition to involving satisficing,
a softgoal has a subjective component, in that various stakeholders of the system
will have different thresholds. We have worked on a more expressive definition
of softgoals elsewhere [I8], but we did not provide a mathematical definition.
The KAOS framework provides the most precise hardgoal conceptualization:
a hardgoal is defined in terms of predicate patterns in a discrete linear temporal
first-order logic (see, e.g., [21])H A hardgoal is any one of the following [§]: an

2 In publications on KAOS, what we call hardgoal here is called simply “goal”. Note,
however, that this conceptualization does not encompass the softgoal concept (which
was introduced separately from KAOS): if we know a constraint, written in logic over
system histories, we can check at any time if the actual history of the system respects
or not the constraint.
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achieve hardgoal (pattern: ¢ = o), a cease hardgoal (¢ = o)), a maintain
hardgoal (¢ = ), an avoid hardgoal (¢ = O—1)). The same conceptualization
is adopted in Formal Tropos [I1], where patterns are used in the same way to
define hardgoals. An informal interpretation of the said conceptualization is that
a hardgoal is a constraint over system histories (i.e., behavior over time).

It is clear that the goal concept is intended to be rich in meaning. Instead then
of seeking an all encompassing definition, we study derived concepts, obtained
by crossing the hardgoal/softgoal and functional/nonfunctional taxonomies; we
thus have: (i) functional hardgoals, which are hardgoals about what the sys-
tem should do (e.g., in an email application, such a goal can be: “whenever an
e-mail marked as important arrives, the user is informed with a pop-up window
and a sound”); (ii) nonfunctional hardgoals which describe verifiable criteria for
how the system should operate (e.g., “the user should be informed about impor-
tant e-mail arrival within 1 second of arrival”); (iii) functional softgoals describe
a subjective requirement of a stakeholder about what the system should do (e.g.,
“the user should be informed when an e-mail marked as important arrives”); and
(iv) nonfunctional softgoals which indicate in a subjective and nonverifiable man-
ner how the system should operate (e.g., “the user should be informed rapidly
about the arrival of an e-mail marked as important”).

In summary, there is no unique definition of goal. One reason for this is that
the goal concept is intended to be rich in meaning. Variations in definitions are
also due to slightly different uses of the concept in each framework. Whether a
goal conceptualization is appropriate depends on how useful is the framework
in which it is used. A prescriptive general definition thus seems excluded. It
remains, however, of interest to seek a conceptual framework in which the de-
rived concepts mentioned above can be used together, so that the benefits of
these complementary concepts can be combined when representing and reason-
ing about requirements. A precise definition is already available for the hardgoal
concept. We can now suggest a common ground for the cited derived concepts.

3 A Common Framework

Consider a toy system that has only two properties, p; and ps. All possible
combinations of allowed values for p; and ps define all possible states of the
system. Let S1, S5, and S3 be arbitrary system states, as shown in the bottom
part of Figure [[l Assume that measurements are performed on the system in
order to evaluate its quality. To perform measurement, we define two metrics dy
and ds. To relate what we observe in the system and the values of the metrics, we
define mappings M7, Mo, and M3 between system states and value combinations
of the two metrics. Since some minimum level of quality is expected, we define
thresholds on metrics: in Figure[ t; = d; > d} and ty = da > db, so that the
quality is above the minimal level only when the system is in state So and not
in the other two.

Taking the state-based conceptualization of the hardgoal concept, we define
a hardgoal hg; = (T = O(p2 = p3)) as a value p3 of the property ps. hgy is
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Fig. 1. Arbitrary functional and nonfunctional hardgoals in a toy system

a functional hardgoal, since it says precisely what the system is expected to do
(i.e., set property ps to value p}). Returning to the informal understanding of the
nonfunctional hardgoal given earlier (§2)), we see that it cannot be defined over
system properties, but on metrics defined for the system. We can thus define
two nonfunctional hardgoals in Figure I} hg, = (d; > d!) and hgy = (dy > db).

Are there any softgoals in Figure [[? We know that a softgoal is used to model
requirements at the earliest stages of an RE process (e.g., [TOTOT2JT8]). Usu-
ally, initial requirements, and consequently softgoals are imprecise, subjective,
idealistic, and context-specific [18], meaning that we cannot have a softgoal in
Figure [[}the figure is already too precise. Consequently, and in line with con-
tributions in the RE field, a softgoal is here understood as an initial, early form
of requirements about what the system should do and how “well” it should do it,
from which one or more functional and/or nonfunctional hardgoals are extracted
during the requirements process. This is appropriate, since we also know that
one cannot manage (i.e., assure, control, or improve) what one cannot measure
(e.g., [22123124125]26] ): if quality-related information contained in softgoals is to
be used in decision-making during an RE process, we need to make a softgoal
precise, agreed upon by various stakeholders, and realistic—that is, we need to
convert it into nonfunctional hardgoals. Same applies for functional softgoals:
we require precise, agreed upon, and realistic requirements about what services
the system should deliver in order to be able to implement them in later stages
of the system development process.

Having established that softgoals appear earlier in an RE process than hard-
goals, recall that softgoals are associated to the concept of satisficing. Satisficing
is the reason we specified our nonfunctional hardgoals as thresholds only, instead
of, e.g., more elaborately stating the desired values of d; and ds. Indeed, non-
functional hardgoals derived from nonfunctional softgoals serve in RE as criteria
for comparing alternative system structures (e.g., [II7TJ9IT0]). A system structure
is chosen over an alternative one if the former dominates the latter over a set
of nonfunctional softgoals or the derived nonfunctional hardgoals. In our toy
system, we would choose a system structure that is associated to higher val-
ues of the two metrics, over one associated with lower values; we would discard
structures that are not above both thresholds. Satisficing, while clearly useful



Achieving, Satisficing, and Excelling 291

and reflecting the inability to identify the optimal system structure, does not
cover requirements in which continuous improvement is sought. Indeed, satis-
ficing does not go as far as to say what values above a threshold are preferred
over other values, also above the threshold. That is, all values are equally de-
sired, provided that they are above the threshold. In many actual cases, we do
need to set thresholds, but we need not equally prefer all above-threshold struc-
tures. This is the case in particular for adaptable systems based on the agent
or services paradigms. We encountered this need in an actual setting: we pro-
posed elsewhere [27] an adaptable system in which above-threshold structures
are learned. Therein, a “system structure” corresponds to a composition of web
services that allows a service request (coming from a system user and specified
in terms of requirements) to be filfiled. To form compositions, a composer web
service observes other web services during execution and subsequently selects
(for participation in a composition) only those that allow it to obtain more de-
sired values over a given set of metrics. Compositions are revised, so that the
quality to which same service requests are fulfilled improves over time. When
specifying requirements on such a system, we are clearly not interested only in
satisficing—if we did rely on satisficing only, we would not exploit the ability of
the system to improve the fulfillment of service requets. We would not exploit the
system’s ability to adapt. Instead, we need to express that the system both needs
to satisfice (so that below-threshold compositions be discarded) and to always
improve compositions. We clearly cannot use the notion of satisficing to express
requirements on continuous improvement: instead, we use the notion of excelling
to do so. The limitation of satisficing that we highlight here is not novel: recently,
J. L. Pollock proposed the concept of locally global planning, in which “any plan
with a positive expected utility is defeasibly acceptable, but only defeasibly. If a
better plan is discovered, it should supplant the original one. Satisficing would
have us remain content with the original.” [28] This discussion brings us to the
following position: to use the concept of softgoal grounded in satisficing to ex-
press requirements that are associated to the concept of excelling is to extend the
softgoal concept too far. We thus propose the concept of disposition. A disposi-
tion is a preference order defined over goals of the same type; we thus have the
following taxonomy for the disposition concept: (i) hard-functional disposition,
defined over functional hardgoals; (ii) hard-nonfunctional disposition, over non-
functional hardgoals; (iii) soft-functional disposition, over functional softgoals;
and (iv) soft-nonfunctional disposition, over nonfunctional softgoals. An exam-
ple of a hard-nonfunctional disposition expressed informally is: “the user should
be informed about important e-mail arrival within the least time possible” gen-
eralizes a preference order in which it is clear that the nonfunctional hardgoal
“the user should be informed about important e-mail arrival within 0.5 second
of arrival” is preferred to “the user should be informed about important e-mail
arrival within 1 second of arrival”. Note the following:

— Do not mistake excelling for optimization: the latter applies if the email
system is designed so that it always gives the optimal time (i.e., 0 seconds).
This is clearly idealistic. Excelling is in a sense optimization over time and
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given resource boundedness; that is, the email system excels if it reduces
time for informing the user at each email arrival compared to the time it
needed on the last occasion an email arrived. Excelling applies even if the
system does not continually improve (expecting this may be idealistic); what
is important for excelling to apply is that, even if, in our example email
system, notification time increases, it restablishes and goes down at some
later and observable point (i.e., not indefinetly in the future).

— Not always can be a disposition so summarily expressed as in our notifica-
tion time example for the email application. It may for instance happen that
disjoint subsets of metric values are preferred, so that a disposition does not
reduce to a formulation of desired direction for metric values. We explore
in the remainder a simple notion of disposition mainly because we are in-
troducing the concept here—extensions to its expressivity are of interest in
current and future effort.

To express our various types of goals, we start from the multi-sorted first-order
version of MITL [29)30], a continuous real-time linear temporal logic. Some pre-
defined sorts (e.g. real numbers) have a fixed interpretation that will be used
to express metrics. Our logic starts from @, a first-order vocabulary, consisting
of predicate and function symbols p, f. They can be declared as flexible (time-
dependent) or rigid. As usual, constant symbols are viewed as 0-ary rigid function
symbols. Starting with atomic formulas of first-order logic, we form more com-
plex formulas as usual by closing off under truth-functional connectives (i.e., A,
V, =, and —)d, temporal operators (i.e., next (), eventually o, always O, until
U and unless W) that can be indexed by a non-singular real-time constraint, ex-
istential (3) and universal (V) quantification. We denote the resulting language
L. We interpret formulas of £ over the structure 7 = (Ds, S, m, H), where D
gives a domain to interpret each sort, S is a set of states of the system, 7 is
an interpretation assigning each predicate symbol and function symbol in & a
predicate or function of the right arity over D, if the symbol is declared rigid.
If the symbol is declared flexible, it depends furthermore on the current state.
‘H is a set of timed state sequences, Sy, Iy, S1, 171 ... i.e. an infinite sequence of
states and their associated interval of time, representig all possible executions
of the system. These intervals I; must partition the positive reals. To interpret
first-order variables, we use a valuation function o, which, given a variable of
sort s returns its value, an element of D;. Given a structure 7, an history h, a
time ¢ and a valuation o, we can associate with every formula of £ a truth value
in the usual way. A formula holds in a structure if it yields true for all histories,
valuations and times. We call the obtained logic ... We can now give a precise
definition of functional hardgoal.

Definition 1. A functional hardgoal is a formula in L, that restricts the pos-
sible histories of a given system only to those desired by system stakeholders.

To express the nonfunctional hardgoal concept, we use metrics. A metric is a
rigid function symbol, which will return values in a sort equipped with an order.

3 Usual abbreviations apply, e.g., (¢ = ) = 0(¢ — ¥).
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Definition 2. A nonfunctional hardgoal is a formula in L. that restricts the
values of metrics to those desired by system stakeholders.

To relate the metrics and the behaviour of the system (recall Figure [Il), we also
need mappings between functional and nonfunctional hardgoals.

Definition 3. A hardgoal mapping is a formula in L, over one or more func-
tional hardgoals and one or more nonfunctional hardgoals.

Taking the email application example, the following is a functional hardgoal,
and is followed by an equivalent nonfunctional hardgoal:

hg = [¥m : Email (arrived(m) Aimportant(m)) =
o<1secd W Popup Window, s : NotifSound (display(w) A play(s))]

hg = [timeToNotification < 1sec]

We can then define a hardgoal mapping for the above as follows: hg = hyg.

In contrast, we understand softgoals as expressing dispositions, i.e. preference
over goals of the same type. To accommodate dispositions, we extend L, in the
following way. First, we add a new kind of formulas, disposition formulas, such
that if ¢ and 1 are formulas of £ then ¢ >4 1 is a disposition formula. We take
here the simplest case, in which we do not allow the operator =4 to appear in,
e.g., temporal formulas of the language. £ extended with disposition formulas
is denoted £Z¢. Second, we extend our structures 7 to interpret defeasible for-
mulas: we add a function v which maps a real number (informally understood
as a utility value) to non-disposition formulae. v is then evaluated as follows: if
@ =4 1, then v(¢) > v(v)), which means that ¢ is preferred to .

Following the earlier example, we may have the following hard-nonfunctional
disposition:

[time ToNotification < 0.5sec] =4 [timeToNotification < 1sec]
We define a disposition in terms of hard and soft disposition as follows:

Definition 4. A hard disposition is a disposition formula in L.~ , between hard-
goals.

Definition 5. A soft disposition is a preference either between only functional
softgoals or between only nonfunctional softgoals.

4 Conclusions and Future Work

Definitions of the concepts derived from the goal concept (including functional
and nonfunctional goal, hardgoal, and softgoal) used in RE are discussed, and
precise (and, when appropriate, mathematical) definitions are suggested. The
concept of satisficing, associated to softgoals is revisited. A softgoal is satisficed
when thresholds of some precise criteria are reached. Satisficing does not cover
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situations in which continual improvement of thresholds is expected. The notion
of excelling is suggested to cover such cases, along with the concept of disposition
to represent and reason about excelling.

Although we have only presented here the simplest notion of disposition, we
believe that the paper opens a particularly relevant discussion for goal-oriented
RE. We hope it motivates similar efforts to ours in exploring more expressive
concepts and techniques for RE. More elaborate expressions of dispositions need
to be possible if excelling is to be properly accounted for; these include, e.g.,
conditional dispositions. We are working on extending the expressivity of the
concept and are building a method to use the disposition concept in a systematic
manner during the RE process. The method is intended to extend established
goal-oriented RE frameworks. Tool support will be explored.
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