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ABSTRACT

ScenlC is a requirements engineering method for evolving
systems. Derived from the Inquiry Cycle model of
requirements refinement, it uses goal refinement and
scenario analysis as its primary methodological strategies.
ScenlC rests on an analogy with human memory: semantic
memory consists of generalizations about system
properties; episodic memory consists of specific episodes
and scenarios; and working memory consists of reminders
about incomplete refinements. Method-specific reminders
and resolution guidelines are activated by the state of
episodic or semantic memory. The paper presents a
summary of the ScenlC strategy and guidelines.
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1 INTRODUCTION
A project’s requirements documentation or models is its
memory. Psychologists have long studied memory,
categorizing it along functional and temporal dimensions.
A persistent theme has been the distinction between
working and long-term memories. Human memory
suggests useful parallels with software development,
because the functions of the corresponding memory systems
are analogous. Human working memories are used during a
task and are then forgotten, and so project working
memories consist of pending issues and decisions. Within
long-term human memories, a distinction is also made
between semantic memories, which capture vocabulary,
generalizations and principles, and episodic memories,
which recollect events, situations and cases [3]. Project
semantic memories, therefore, are rules and generalizations

that apply to all use situations. In ScenlC, these are goal,
task and actor specifications. Project episodic memories are
specific behaviors, traces, cases, and scenarios that seem
noteworthy.

Previous studies of projects have shown that project-level
distraction leads to project forgetfulness and the disruption
of ongoing tasks [4, 5]. A methodology guides the
allocation of attention to requirements and design issues.
ScenlC is designed with this attentional analogy in mind.

ScenlC instantiates the Inquiry Cycle [1, 2], the cyclical
application of the following steps: expression of semantic or
episodic ideas, raising and resolution of issues (criticism),
and refinement of long-term memory (see Figure 1).
Expression is supported by adopting semantic and episodic
memory schemas, criticism by issue-raising guidelines that
direct attention. Refinement is supported by resolution
guidelines that suggest refinements. This model of
mediated issue-raising and resolution derives from earlier
research into design rationale [6, 7].

Expression I‘-
+ goal description s

* scenarios

« operati onal requirements

+ graphical models "
+ formal specifications

Method

+ refinement strategy

+ choice of descriptions
* termination rules
+ forgplity of app

ST

g

N W N
L 2
[ Criticism
\
+ can mentary & discussion
Refinement ﬁ b « structured annot ations .
+ decomposition + scenariowalkthroughs

« addition of detail « reviews & inspections
« retraction of simplification s

+ formal analyses

« corrections of mistakes « risk assossment

« all ocation of functi onality

Figure 1: The Inquiry Cycle



2 THE SCENIC MEMORY SCHEMAS
Each of the three ScenlC memories has an entity-
relationship schema. Detailed specification of schema
elements is left undefined so that ScenIlC may be applied at
varying levels of formality.

Semantic Memory Schema

ScenIlC semantic memory reflects information about the
system. Because semantic memory changes during
refinement, the “system” may include both “environment”
and “machine” [8]. Semantic entities in ScenlIC include
actors, goals and obstacles (see Figure 2).
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Figure 2: ScenIC semantic model schema in UML notation.

Actors are entities that participate in changes of state.
Examples of external actors include user roles,
organizations, physical devices, external systems and
Nature. Internal actors are putative architectural
components, or the whole system viewed as a black box.

There are two kinds of goals: objectives and tasks.
Objectives are expressed by a trajectory of improvement
(e.g. “reduce customer complaints”) or the preservation or
prevention of states of affairs (e.g. “the elevator should
never move with its doors open”).

Tasks are goals that are stated in terms of achievement of a
state or performance of an action. (E.g. once a meeting
request is entered into the system, a time and place will
eventually be scheduled.)

Objectives cannot be directly achieved by a machine, but
are indirectly realized through combinations of tasks. For
example, to reduce customer complaints, users and machine
perform detailed coordinated actions. Tasks, in contrast,
may be realized directly by actors, although some may
require further expansion. The specification of the system is
the set of specifications of tasks allocated to internal actors.

Goals may be thwarted by obstacles. Many are inherent in
the goals themselves (e.g. unsatisfiability of a constraint),
but others arise because of failure modes of the actors to
which tasks are allocated. Obstacles include non-normative
behaviors in general, not just failures. Non-mechanical
actors may behave in unanticipated ways that violate
assumptions required for goal achievement. Frequent or
severe obstacles must be resolved either by defensive or

mitigation tasks.

ScenIC Episodic Memory Schema

User and customer representatives cannot always generate
and envisage consequences from specifications, so a
specified system may seem more desirable than its
implementation. These arguments have been voiced to
justify prototypes [9], executable specifications and models,
mockups and storyboards [10, 11], walkthroughs of work-
practice data [12-14], and scenarios [1, 15-22].

ScenlC episodic memory (see Figure 3) consists of
episodes, sequences of purposeful task instances. Although
scenarios present a compelling view of system properties,
they are not necessarily representative. Their specificity
means that they cannot cover the space of possible

Scenario 5 ’
Episodic P‘-"lD{/
Memaory Goal
Schema Episode
~ Obstacle
K\L
" Action 1 vp n““
Actorlnstance TaskInstance \

i
—
/“-—"‘\---'“\a.---'"\,_./'-\-_/""-*"-.----_/

Semantic
Memaory
Schema

instantiates

Actor Task

behaviors and so are chosen to maximize salience [23].
Figure 3: ScenlC episodic memory schema.

A ScenlC episodic memory consists of goal-directed and
obstacle-illustrating episodes bundled as scenarios at
varying levels of detail. Scenarios are used to explore
possibilities such as alternative allocations of tasks to
actors, alternative obstacle resolution methods, and
alternative future missions. The narrative structure of
scenarios is a simplified story grammar [24-26].

ScenlC Working Memory Schema

Working memory is action-oriented. Its contents remind
and direct inquiry. A project working memory in ScenlC is
a record of pending issues or refinement decisions not yet
acted on (see Figure 4). The working memory schema
could be extended to IBIS or more complex schemas [6, 7,
27-29], and working memory could be captured or archived
as rationale [27, 30]. Methodological guidance is provided
by posing standard issues about long-term information.
ScenlC guidelines are encoded as reminder templates with
triggering contexts.



Table 2: Action identification guidelines
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Figure 4: Working memory schema.

3 SCENIC STRATEGY AND GUIDELINES

ScenlC instantiates the expression phase of the Inquiry
Cycle by providing episodic and semantic memory
schemas for information about the proposed system.
Criticism is supported by standard issues that are triggered
by the state of the long-term memories. Refinement is
supported by resolution guidelines. The framework is
outlined in Table 1.

Table 1: ScenlC strategy and guidelines framework.

Triggering  Issue Resolution Resulting

condition guideline change
Condition  Issue to ScenlC Condition of
of semantic  raise about  sugges- semantic or
or episodic  system tions. episodic
memory. require- memory.
ments.
E.g. actor E.g. Can E.g. E.g. New
performing  actor fail? Analyze obstacle and
task in an risk of scenarios
episode. failure. illustrating it.

Scoping the System and Identifying Actors

External actors exist outside the designers’ control. An
external actor is included if it performs significant actions
within the scope of the system (see Table 2).

Example: the external and internal actors in a meeting
scheduling system may be shown in the following context
diagram (Figure 5), extended beyond the rules of Structured
Analysis [31-33] so that (1) Interactions among external
actors are noted when the system/environment boundary is
not fixed and an understanding of the functioning of the
system requires an understanding of them; (2) Interactions
are in the form of dependencies, not data flows; (3) Actors
may be specialized or sub-classed to simplify interaction
descriptions; (4) Actors may be classified (person, system,
flight vehicle, natural environment, etc.); (5) The black box
is made “translucent” to show components responsible for
system functions.

Trigger- Issue Resolution guideline Resultin
ing con- g change
dition

Episodic/Semantic Object No What (1) Either (a) actor performs Extended
identi- are the  actions or has context

fied external responsibilities relevant to diagram.
external actors? system's purpose, or

actors (b) Actor interacts directly

with it

(2) Look for people, teams,
organizations, devices and
systems, and elements of
environment.

No What If internal architecture is Black-
identi- are the unknown or box,
fied internal unconstrained, do not single-
internal actors? decompose further. actor
actors. system.

Exist- What (1) Include only Gray-
ing are the  components that box,

archi- internal correspond to physical multi-
tecture actors? components. actor

(2) Components interact system.

directly with environment
or with other components
that do.

(3) Components exist in
the architecture, are new in
the new version, or result
from reorganization of
current architecture to
which design team is
committed.
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Figure 5:"Gray-box" architecture, showing external and
internal actors and goal dependencies between them.

Goal Identification and Refinement

Goals are identified by reflecting on the system’s purpose,
interviewing stakeholders, or inferring goals from
background documentation. Anton’s dissertation [34]



contains suggestions on identifying enterprise goals. Goals
may also be identified from long-term memory content.
Scenarios, for example, may illuminate previously ignored
or underemphasized goals. Obstacles may suggest
subsidiary tasks. Table 3 lists ScenlC guidelines for

identifying goals.

Table 3: Goal identification guidelines

Trigger-  Issue Resolution  Resulting change
ing con- Guideline
dition
No goals What are Obtain from  Semantic memory
the goals  mission with goals.
for the statements,
system? questions to
stake-
holders, etc.
Episode  Why is (Default) (1) Episode with
with this actor  Actions point.
behavior doing often define (2) Task ascribed to
but no or that? tasks one-to- . tor.
artial one. .
goint. " ,, (3) (possibly)
Ask “why? higher-level
to identify  gpiectives.
neglected
objectives.
An How Standard Maintenance
obstacle should the preventive objective: “Avoid
that must obstacle maintenance <obstacle>* and its
be be and risk expansion into
defended defended  analysis tasks.
against against? methods. Achievement goal
or miti- How

gated but should it

which is  be

not. mitigated
if it
occurs?

that encapsulates
mitigation strategy.

Table 4: Types of goal and suggested verbs for labeling.

Object of goal achievement

Plausible verbs

Improving condition
Maintaining condition
Avoiding condition

Enabling actor to achieve a
goal (or preventing)

Satisfying condition
Bringing about state
Bringing about knowledge
Bringing about commitment
Providing knowledge
Soliciting knowledge

Providing knowledge
about

Improve, reduce, maximize...
Keep, maintain, preserve
Avoid, keep from, prevent...

Enable, let, empower, give,
disable, prevent...

Satisfy, achieve

Make, create, achieve...
Know, find out, ascertain,...
Decide, select, agree,...

Tell, inform, notify, remind...
Ask, request...

Identify, distinguish,
detect...

A lexicon of verbs is useful for identifying objectives and
tasks (Table 4). Example objectives include “Maximize
utilization of meeting rooms” and “Avoid boring
meetings.” Example tasks include “Satisfy meeting
requests” and “Know availability of rooms.”

Goals are expanded by means-end analysis (see Table 5).
There are generic guidelines for expanding maintenance
objectives and tasks, but improvement objectives tend to
be domain-specific.

Table 5: Refinement of goals into expanded subgoals.

Triggering Issue Resolution Resulting
condition Guideline change
MAINTAIN  What are  Identify MAINTAIN
p- the cond- properties P &..
itions of  (pi..pn) that MAINTAIN
p? contribute to p.  pa
AVOID p (or What are Identify early- DETECT q &
MAINTAIN the indi- warning signs MAKE anti-p
~p) cators of  (q) of p and any
p? counteracting
tasks (anti-p).
MAKE p How to Identity & KNOW q &
satisfy p? combine MAKE r
knowledge [q]
and action [r]
sub-tasks.
KNOW k How to (1) Ask another MAKE (a,
find out  actor asked[k]) &
k? (2) Perform MAKE (a,
background asked[d, k’])
computation KNOW k; &
... KNOW k,

Task Dependencies

Tasks often must be done in order, because they depend on
initiating conditions. These temporal orderings are implicit
in inter-task dependencies. High-level tasks gradually
consume information or depend on partial completion of
dependent tasks. For this reason, it is best to defer analysis
of task dependencies until tasks are detailed and could
plausibly be allocated to actors. Sometimes a task depends
on the availability of information without it being obvious
how the information is obtained. An additional knowledge
goal is then needed (see Table 6).

Table 6: Task dependency guidelines

Trigger Issue Guideline Change

Task t= What are t’s  What must be t requiresr

MAKE p usual true for p to be  (where a task
precon- true? t=MAKE r)
ditions?

Task t What Information t or (KNOW k &
information  any knowledge t;..)

does t need? sub-tasks use.

expand t




Allocation of Tasks to Actors

Which tasks should be done by the system and which by
external actors is seldom pre-ordained. A system could
decide the best time and place for a meeting automatically.
Alternatively, it could collate information and present it to
the user for a final decision. Both systems support meeting
scheduling goals but have different boundaries.

Task allocation is aided by scenario analysis. Alternative
allocations can be discussed in alternative scenarios, and
the issues raised used in evaluating them. Possible
allocations are determined in part by the current architecture
and in part by current practices (see Table 7).

Table 7: Task allocation guidelines

Triggering Issue Resolution Resulting
conditions guideline change
Actors and What Constraints Candidate
unallocated  allocation afforded by allocations
tasks is possible? architecture
and practices.

Actors and What task Domain- Candidate
unallocated  allocation specific. allocations
tasks is feasible Architectural

and ) analysis with

economic: scenarios [40].
Candidate Can actor Failure modes  Induced
allocation fail? for actor type. obstacles
Objectives How does Episode-by- Weakened
and allocation episode objectives
candidate affect scenario or revised
allocation objectives?  analysis allocation

Obstacle Identification

Obstacles can be identified by a number of processes that
range from the most informal to systematic engineering
practices. Generally, obstacles are approached top-down and
bottom-up (see Table 8). Table 9 categorizes some
frequently occurring types of obstacles.

(1) Top-down identification of obstacle combinations that
block objectives Single obstacles are seldom responsible for
an objective not being achieved. For example, “Avoid
boring meetings” can be thwarted by a combination of
factors. If this is a legitimate goal for the system, it is
necessary to ask how people characterize meetings as
boring, how they avoid them, and how a system might
make it difficult to do so. A minimal top-down strategy is
generate-and-test:  systematically asking whether each
allocation decision undermines an objective. Another is to
construct anti-scenarios from critical incidents.

(2) Bottom-up identification of obstacles that block tasks.
Some obstacles are inherent in the problem domain. For
example, a best place for a meeting cannot be chosen if
there are no rooms available. On the other hand, many arise
from failure modes of actors. For example, obstacles that
block finding out when people are available arise from
human failings or system failures: people may not update

their online calendars, or a calendar may get corrupted.

Table 8: Obstacle identification guidelines

Triggering  Issue Resolution guideline Resulting

conditions change
Objectives  What Generate episodes Weakened
and obstacles and allocations and  objective
possibly can block test against objective and/or
allocations the satis-  cgonsider anti- revised
faction of  gcenarios or known ~ episodes
‘[hl.S negative cases an.d alloc-
objec- ations
tive? Obstacles
Goals and  What Consider inherent Obstacles

possibly could obstacle types (e.g.

allocations cause resource
this goal unavailability)
to be

Consider failure
modes specific to
actor type

blocked?

Table 9: Categories of obstacle with examples.

Categories of Obstacle Example obstacles

Actor failure Calendar database unavailable.

Medium failure Email message does not arrive.

There are no rooms available at
that time.

Resource contention

Replicate confusion Wrong John Smith invited to

meeting.

Inherent goal conflicts  Taxpayer convenience is
thwarted by need to audit

returns.

Elaboration of Objectives and Tasks

There are three ways to deal with an obstacle: (1) ignore it;
(2) defend against it, ideally preventing it altogether; and
(3) mitigate its effects, ideally recovering altogether. In
many cases, defense is more effective and less expensive
than mitigation, but when the obstacle’s consequences are
mild and the cost of defense is high, it makes sense to rely
on mitigation. Mitigation is only worth considering when
defense is likely to fail and the risk of the residual obstacle
is still worth worrying about. In Rational Management
[36], tables like Table 10 are used to list defensive and
mitigation strategies. Similarly, RPM [35], a systems
engineering method for preventive maintenance, translates
directly into such issues (see Table 11).

Table 10: Defense and mitigation in Rational Management.

Obstacle Prob. Defensive Residual Mitig-
strategy prob. ation
strategy
Unavail- High  Quorum- Medium Relax
ability of based invitees’
room at reserv- schedules

good time ation.




Table 11: RPM guidelines for defense and mitigation

Table 12: Episode identification guidelines

Trigger  Issue Guideline Change

Hidden  Ca n hidden Likelihood of Early-

obstacle obstacle be defensive strategy warning and
defended also failing is remediation
against? acceptably low. strategy

Obstacle Hazardous? Defensive strategy Early-
must reduce warning and
obstacle remediation
likelihood to strategy,
acceptable level. with logging

Non-haz- Should it Cost should Periodic
ardous be defended outweigh cost of  check / early-
obstacle against? defense. warning

4 THE INQUIRY CYCLE AND SCENARIOS

The point of exploring scenarios is to raise and resolve
issues about requirements. Many types of issues may be
relevant: What else can happen? Is this obstacle worth
worrying about? How frequent/severe is it? How else could
we prevent this from happening or mitigate its effects? One
benefit of scenario analysis is the serendipitous insights that
a scenario may yield. When an issue that was raised from a
scenario is resolved, the resulting changes may occur
anywhere in episodic or semantic memory.

Episodes follow directly from task structure. Scenarios are
composed from episodes so that normal cases and anti-
scenarios are elaborated. The guidelines for identifying and
elaborating episodes are summarized in Table 12 and those
for identifying and composing scenarios in Table 13.

Having identified obstacles, it is possible to compose any
number of scenarios that contain normative (goal
satisfaction) and exceptional (obstacle occurrence) episodes,
most of which are redundant or uninteresting. We would
like to put our early effort into the most salient scenarios,
the ones will tell us the most [23]. Scenario composition is
therefore a form of sampling, like test-case generation. But
scenarios differ from test cases in two important respects.
First, scenarios are used to discover and elaborate
requirements, so any measure of scenario salience or
coverage is a moving target. Secondly, we can assess the
adequacy of test cases against an objective baseline, whereas
any requirements baseline is subjective. The ScenIC
solution is pragmatic: The set of goals and obstacles is
taken as the baseline for assessing scenario coverage. As the
analysis of scenarios helps in the identification of further
goals and objectives, so the heuristics shown in Table 14
should be reapplied, leading to the revision of existing
scenarios, and possibly the composition of new ones.

(1) Normal-case coverage. There should be at least one
scenario for each normal case. There are usually alternative
normal cases, some of which cover initiation or system-
maintenance goals.

(2) Single-obstacle coverage. Each obstacle should occur in
at least one scenario.

Trigger Issue Guideline Change
MAKE p. What EPISODE:
episodes making p
make p?
POINT a How is p Goal [TASK (b, pl ) &
makes p accom- expansion. ...TASK(c, pn )]
plished? expand
TASK(a, p)
EPISODE:
making p: b pl ;
..cpn
EPISODE: How are Identify TASK p requires
making p &  precon- tacit q & MAKE q &
other ditions precon- EPISODE
episodes estab- ditions. & making q:
lished? episodes to  POINT: make q
establish.

Table 13: Guidelines for identifying scenarios.

Trigger Issue Guideline Change
Episodes Main-line Orient scenario New
and goals use case? episodes around  scenarios /
major tasks. episodes.
Episodes Initiating / (1) Scenarios New
and goals mainten- involving scenarios /
ance administrative episodes
scenarios?  actors.
(2) Tasks
establishing
preconditions.
Episodes, Salient, Significant New
goals and single-case obstacles for scenarios
obstacles exception each task in and
scenarios?  normative case. episodes
Episodes, Salient Significant If risk,
goals and obstacle- obstacle co- obstacle
obstacles combin- occurrences. expansions
ations? Risk analysis.
Objectives  Tasks / Elaborate Scenario or
obstacles scenario to anti-
that illustrate scenario
contribute  achievement of

or detract? objective

Figure 14: Guidelines for identifying salient scenarios.

Trigger Issue Guideline Change

Goals, How many  Normal cases Salient

obstacles, and what & obstacle scenarios

episodes scenarios?  coverage.

Critical How many  Critical Salient anti-

incidents and what incidents as scenarios
scenarios?  anti-scenarios

(3) Coverage of objectives. Ideally, every scenario should
be assessed against every objective. For greater efficiency, it
is advisable to divide the objectives into two: those that
absolutely must be achieved, and those that are strong
preferences but could be violated. Objectives of the first



type should be checked when elaborating every scenario,
whereas those of the second type may be sampled
randomly.

5 DISCUSSION
The Inquiry Cycle is a general approach to improvement of
documented ideas. In ScenlC, these ideas are about
enhancements to an existing system, so ScenlC interacts
with other techniques for system evolution from the
MORALE program [38], including methods for reverse
engineering [39] and architectural evaluation [40].

However, the principle of using directed inquiry as a
working memory applies to codifying any method for
producing, organizing, refining or evaluating knowledge
work. Previous studies have explored and evaluated the
application of the Inquiry Cycle [2] and GBRAM [37] to
industrial projects. ScenlC has been or is currently being
applied to the domains of web browsing and telephone call
processing management.

We have deliberately de-emphasized language issues,
because the three ScenlC memories could be implemented
at varying levels of formality without affecting the
principles of project attention management. For example,
goals could be represented as text statements, graphical
goal networks [51] or logical formulae [48]. Scenarios
could be represented as narrative texts, structured or tabular
scripts [20] or formal traces [41]. And reminders could
consist of text annotations, semi-structured hypertext
networks [6, 27, 29], or formal change dependencies.

ScenlC emphasizes scenarios, in which respect it resembles
other efforts in requirements engineering [15, 16, 18, 19,
21, 23, 40, 41], object-oriented design [20, 22, 42],
usability engineering [10, 11, 17, 23], and strategic
planning [43-46]. Previous work has addressed the
integration of scenarios into the Inquiry Cycle [1, 2].
ScenlC  resembles  other  requirements-engineering
approaches that start with goals [1, 16, 34, 37, 47-51]. It
also incorporates insights and techniques from artificial
intelligence [52], business planning [53], decision theory
[54], human-computer interaction [55], management science
[36], maintenance engineering [35], soft-systems
methodology [56], and software metrics [57]. Obstacle
identification, defense and mitigation owe more to project
planning, industrial engineering and manufacturing than to
software engineering. The methods of fault-tree analysis
(FTA) and failure-modes effects analysis (FMEA) are
described in numerous books on safety and reliability
engineering [58]. There is a good tutorial summary of
contingency planning in Rational Management [36].

Thinking of human short-term memory as a working
memory stems from work by Baddeley [59], and the
distinction between semantic and episodic memories from
Tulving [3]. The ScenlC scenario schema derives from the
story grammars of Thorndyke [26] and Rumelhart [25].

Design rationale, or the retention of organizational
memories about why design decisions were made has been

discussed for many years (see [60]). There have been
promising accounts of the value of rationale in large
projects [30], but the notion of rationale “capture” fails to
recognize important differences between the requirements on
long-term and short-term memories. Short-term memories
are superficially coded and organized, but are easy to find
and are the focus of attention; long-term memories, in
contrast, are richly organized. Early investigators ignored
the cost of reorganizing and integrating rationale so that it
could be retrieved meaningfully later, a cost usually not
borne by those who would benefit [61].

We are developing tool support for expression and criticism
in ScenIC. This is based on the use of hypermedia
annotations demonstrated in Ecolabor [62].
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