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Abstract: Many software projects have failled because their requirements were poorly
negotiated among stakeholders. Reaching agreements of negotiated requirements among
stakeholders who have different concerns, responsibilities, and priorities is quite challenging.
Formal (fully-automated) approaches of reguirements negotiation require significant efforts of
knowledge representation and validation, whereas informal (manual) approaches do not provide
systematic methods of requirements negotiation. This paper proposes a novel light-weighted,
yet systematic requirements negotiation model, called "Multi-Criteria Preference Anaysis
Requirements Negotiation (MPARN)" to guide stakeholders to evaluate, negotiate, and agree
upon aternatives among stakeholders using multi-criteria preference anaysis theory. This
eight-step MPARN model was applied to requirements gathered for an industrial-academic
repository system. The result showed that the MPARN model assisted stakeholders to have
unbiased aspects within a requirements negotiation in a light-weighted way and increase
stakeholders' levels of cooperation and trust by measuring each stakeholder’s preference and
va ue function explicitly through a step-by-step process.
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1 Introduction

Many software projects have failed because their requirements were poorly negotiated
among stakeholders [Boehm, 1996a]. The importance of requirements negotiation
was addressed by a number of keynote speakers at the International Conference on
Software Engineering (ICSE) as follows:

— “How the reguirements were negotiated is far more important than how the
reguirements were specified” (Tom DeMarco, ICSE 96)

— “Negotiation is the best way to avoid “Death March” projects’ (Ed Y ourdon,
ICSE 97)

— “Problems with reaching agreement were more critical to my projects
success than such factors as tools, process maturity, and design methods”
(Mark Weiser, ICSE 97)
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It is quite challenging to reach agreements of negotiated requirements among
stakeholders who have different concerns, responsibilities, and priorities. There are
various approaches to solve this reguirements negotiation.

Formal, i.e, fully-automated, approaches detect automatically conflicts (or
inconsistency) of requirements among stakeholders by representing knowledge of
stakeholders perspective, system domains, and conflict patterns, and resolving
conflicts in a systematic way [see Section 6]. However, it requires significant efforts
to elicit, capture, represent such knowledge and validate the reasoning resuilts.

Contrarily, an informal (or semi-automated) approach such as Win-Win [Boehm,
1994][Boehm, 1995][Boehm, 1999] provides a general framework for requirements
negotiation without significant efforts of capturing, building, and reasoning
knowledge base. However, it does not provide a systematic reasoning of how to
resolve conflicts. When the stakeholders identify conflicts, especialy, it is an ad-hoc
process to reach an agreement from alternatives (called “options’) to resolve
conflicts.

In this paper, we propose a light-weight, yet systematic model to guide
stakeholders from conflict-resolution options to agreements using multi-criteria
preference analysis techniques. We call this model the Multi-Criteria Preference
Analysis Requirements Negotiation (MPARN) model. MPARN cooperates with a
general, yet light-weighted framework of requirements negotiation, WinWin, to
utilize the artifacts of the win-win analysis, e.g., win conditions, issues, options, and
agreements. In addition, MPARN applies multi-criteria preference analysis techniques
to provide a systematic guidance to resolve conflicts. We show how to negotiate
options for reaching agreements using the multi-criteria techniques with an example,
a USC/CSE library repository system. Multi-criteria methodology potentially
increases stakeholders' levels of cooperation and trust without losing participants by
removing as much bias as possible from a problem analysis, and providing a better
communication process.

The rest of the paper is organised as follows:. [Section 2] describes the context of
the work; [Section 3] describes the proposed MPARN steps; [ Section 4] demonstrates
the approach with the repository system example; [Section 5] and [Section 6] present
future research challenges and related work; finally, we present some conclusions in
[Section 7].

2 Context

In this section, we present background information about the WinWin negotiation
model and multi-criteria preference analysis.

21  WinWin Negotiation M odel

The WinWin model provides a general framework for identifying and resolving
requirement conflicts by éliciting and negotiating artifacts such as win conditions,
issues, options, and agreements. The WinWin model uses Theory W [Boehm, 1989]
("Make everyone a winner") to generate the stakeholder win-win situation
incrementally through the Spiral Model. WinWin assists stakeholders to identify and
negotiate issues, i.e., conflicts among their win conditions, since the goal of Theory
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W involves stakeholders identifying their win conditions, and reconciling conflicts
among win conditions.

The dotted-lined box (steps 1, 2, 3, and 8) shown in [Fig. 1] presents the WinWin
negotiation. Stakeholders begin by entering their win conditions (step 1). If a conflict
among stakeholders win conditions is determined, an issue schema is composed,
summarizing the conflict and the win conditions it involves (step 2). For each issue,
stakeholders prepare candidate option schemas addressing the issue (step 3).
Stakehol ders then evaluate the options, delay decision on some, agree to reject others,
and ultimately converge on a mutualy satisfactory, i.e., win-win, option. The
adoption of this option is formally proposed and ratified by an agreement schema,
including a check to ensure that the stakeholders’ iterated win conditions are indeed
covered by the agreement (step 8). Usage experience also indicates that WinWin is
not a panacea for al conflict situations, but generally increases the stakeholders
levels of cooperation and trust [Boehm, 1999][In, 2001].

Agreement is not always guaranteed. There are often tradeoffs among win
conditions that need to be balanced. Multi-criteria preference analysis provides a
means to balance these tradeoffs, and a framework for discussion that can lead to
resolution.

2.2 Multi-Criteria Preference Analysis

Preference analysis is incorporated into this process at this time, to generate the
criteria to be considered by the group, to assess alternative performance on each
criterion, and to €licit each group participant’s relative preference over criteria.

Multiple criteria decision-making theory presumes that rational decision makers
have a preference function reflecting tradeoffs among conflicting criteria [Dyer,
1979][Keeney, 1976]. While non-linearities can arise due to interactions among
criteria, the most common form of preference functionis:

Kk
Value, = W xs,
i=1

where k is the number of criteria, and j represents the alternative under consideration.
Variable w; represents the relative importance of criterion i and variable s; represents
the relative attainment of aternative j on criterion i. Each rational individua is
expected to have such preference function if their value function reflects tradeoffs.

Preference analysis can be a useful tool in identifying the value of each
aternative's features to individual group members. This in turn can be used for
guiding discussion to key issues, and possibly as a basis for aggregation of individual
preference functions into a group preference function. Sensitivity analysis can also be
used to identify the implications of changes in various inputs to the aggregated group
preference function. These tools may aid in reconciling issues among group
participants, and lead to a more acceptable and higher quality decision.

The next section explains how multi-criteria analysis can be incorporated into the
Win-Win process.
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3 TheMPARN Process

The MPARN process shown in [Fig. 1] begins with the win-win process, which leads
to dlicit what stakeholders need, identify conflicts in these needs among the
stakeholders, explore of conflict-resolution options. Multi-criteria preference analysis
is proposed here as a means to supplement the win-win process of systematically
evaluating and negotiating conflict-resolution options by €liciting stakeholder
preferences and criteria, as well as assessing how well each of the generated options
performs on the set of criteria. The process may lead to agreement by itself, although
thisis not guaranteed. Review of each stakeholder's win conditions at this final stage
may further aid the next cycle of reconciliation or compromise in the WinWin Spiral
Process model.

L

| Step 1 Step 2 1
||  Elicit Win - '.‘iiﬂf;fg’ |
| Conditions (Conflicts) |
Y R BV
| ~ Explore
Pos_t Conflict- |
| Analysis for 4 Resolution
| Agreements / Options |
4-7./
Steps .

Analyze preferences

4. Explore objective criteria

5. Assess options based on the criteria

6. Assess relative weights for criteria by
each stakeholder

7. Rank options

Figure 1: The process of MPARN.

The steps shown in [Fig. 1] are elaborated next. A detailed example will be presented
in [Section 4].

Elicit Win Condition (Step 1): Each stakeholder identifies his orher win conditions.
This step provides the basis for identification of ideal project features by stakeholders.

I dentify I'ssues or Conflicts (Step 2): The lists of win conditions are then reviewed,
identifying conflicts. This enablesidentification of conflicts. The step is accomplished
in categories of direct conflict, as well as potential conflict. This step may be
accomplished manually. Semi-automatic approaches such as [In, 2001] and [Ruiz,
2001] are proposed to incorporate software agents.

Explore Conflict-Resolution Options (Step 3): The stakeholders can use the
understanding gained from Step 2 to generate conflict-resolution options. It is best to
generate alist of options which may emphasize those characteristics preferred by each
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stakeholder, but that include some balance representing needed conditions of all
stakeholders.

Explore Objective Criteria (Step 4): The process of identifying preference functions
begins with the expression of criteria of importance, followed by the identification of
the options under consideration, their scoring on the criteria identified, and the
elicitation of tradeoff relationships. The generation of the list of criteria would be
highly suitable for a group support system session [Gruenbacher, 2001]. An initial
brainstorming would be ideal for expression of important features of a proposed
system. Regardless of the methodology used to obtain the criteria, options currently
active could be assessed in another group session to evauate their relative
performance on the criteria generated in the initial session. Next, each stakeholder
could assess their tradeoff functions. The purpose is to share characteristics of options
that are considered highly important to the other stakeholders. Sharing preferencesin
this manner, a better understanding of what other stakeholders want serves as the
basis for design of superior systems.

Assess Options based on the Criteria (Step 5): Once this list of criteria is developed,
each stakeholder assesses each option's performance on each criterion. Scores (s;) are
assessed for each option on each criterion. Scores need to reflect how each
stakeholder values the performance of each option on each criterion. There are many
ways to do this. If a great deal of personal judgment is appropriate, this can and
should be a subjective assessment, with the individual expressing the relative value of
the option on each particular criterion. In other contexts, if clear measures on an
objective scale are available, these measures can be used directly (in which case
weights w; need to be adjusted to reflect differences in measurement scales as well as
criterion importance). There are many approaches that have been developed to assess
scores [see Section 4].

Assess Relative Criteria Weights by Stakeholder (Step 6): The next step is to obtain
relative weights for criteria by each stakeholder. As with value scores, there are many
waysto do this [Choo, 1999]. Four methods are illustrated in [Section 4].

Rank Options (Step 7): The prior steps provide sufficient information to identify the
preference ranking over the options for each stakeholder of the group, through a value
function given earlier, the sum product of weights times scores for each option over
al criteria. If al of the stakeholders obtained the same preferred first choice, the
decision process could stop at this point of group unanimity. If reconciliation is
required, a number of ways of accomplishing this step are explained in [Section 4].
The spirit of win-win is to get everyone to support the adopted approach. Use of
these methods is meant to identify differences as a starting point for discussion.
Stakeholders whose original positions are not adopted gain understanding from the
process because the reasons for the selection of aternative options are made explicit.

Post-Analysis for Agreements (Step 8): This step seeks to attain stakeholder
convergence on a solution satisfactory to al. The proposed process provides a
systematic means of identifying the win conditions of all stakeholders, and the multi-
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criteria analysis quantifies each stakeholder’s view of each option's performance on
each criterion considered important.

4 An Exercise: A USC/CSE Repository System

The following application of preference analysis is extrapolated from a hypothetical
case study. The Center for Software Engineering at the University of Southern
California hosted a series of meetings with their business and academic affiliates in
order to determine requirements for an online repository of research reports and
empirical studies. The sessions followed the easyWinWin methodology using
GroupSystem's electronic meeting system GSWin. Our paper uses some of the issues
identified in one of the projectsin order to illustrate the use of preference analysis.

41 Elicit Win Conditions

Four stakeholders were identified in implementing a digital library project: a
representative user, the user's manager, i.e., customer, the project manager, and the
system designer, i.e.,, developer. These stakeholders engaged in a brainstorming
session on a group support system, yielding the win conditionsin [Tab. 1].

U1 Documents deliverable in multiple formats
U2 System must be easily accessible from any location
U3 Need the system to display an overview of its contents
U4 Full-text indexing should automatically take place
U5 Provide update to notify users of new material
U6 Hyperlink management takes place automatically
U7 Only browser knowledge required to navigate site
U8 CSE quickly responds to reguests and complaints
M1 Devel opment cost should be as | ess than $300,000
M2 Project to be completed within six months
M3 Make vs. buy analysis conducted before devel opment
M4 Domain experts able to review & archive obsolete documents
M5 System must track individual accesses & downloads
M6 Manager may post contents and control who can see them
M7 Impossible for unauthorized people to access
P1 Configuration management of application software
P2 Metrics are collected on project work
P3 Usersinvolved throughout the development process

Project P4 Biweekly progress assessment
Manager PS5 Sufficient resources allocated to maintain system
P6 Rapid and secure administration of documents
P7 Flexible, content-oriented document hierarchy
P8 Cross-communication capability of the system
S1 Familiar development software and tools

System S2 Simple project design with single format specified
Designer | S3 Sufficient time budgeted
4 Break web pages into manageable size

User

User's
Manager

Table 1: Win conditions by stakeholders
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4.2  ldentify Issues (Conflicts)

This list of win conditions involves some conflicts. For instance, there is an inherent
conflict in user condition U2 (widespread accessibility) and manager conditions M6
and M7 (greater control of accessibility). User condition Ul directly conflicts with
designer condition S2. [Tab. 2] lists win conditions with conflicts on the left. Each
row then shows other win conditions with which there are clear direct conflicts, as
well as potential conflicts (such as U1 — documents deliverable in multiple formats
conflicting with M1 — inexpensive training, and M2 — completion of project within
two months). Quality, schedule, and cost are often in conflict. Quality is attained
through system functionality. All user requirements call for functionality that
inherently has cost, but only those win conditions listed for other reasons are included
in the table. Manager’'s win conditions M4 through M7 also inherently involve
functionality incurring added cost as well. Functionality items also inherently conflict
with time, the minimization of which is represented by system designer condition S3.

Conflicted Win Conditions
Win Direct Potential Conflicts
Conditions | Conflicts Quality Cost Schedule
Conflicts Conflicts Conflicts
Ul S2 M1 M2
U2 M6 M7, P6 M1 M2
U3 P6 M1 M2
U8 S2 M1 M2
M2 S3
M3 S3
M4 P6 M1 M2
M7 P8 M1 M2
P2 M2
P3 S3 S2 M2
P4 S3 2

Table 2: Win condition conflicts

4.3  Explore Conflict-Resolution Options

The next step is to generate conflict-resolution options. To resolve the cost and
schedule conflicts that have complicated dependency with other conflicts, for
example, we suggested that a solution be generated representing an ideal solution for
each stakeholder. For instance, a system with al of the functionality satisfying the
win conditions of the user would be expected to be the highest quality solution,
although it would likely have a relatively high cost and schedule requirement, and
may have other conflicts with managerial security requirements. The ideal system
from the perspective of the user’s manager would be simpler, more secure, and less
expensive. It is quite likely that different levels of tradeoff among these basic factors
are possible, in which case system alternatives representing various levels of tradeoff
can be included. The project manager and the system designer may share an ideal
solution, one that is easiest for the development group to build, while providing
specified functionality. Four initial solutions are shownin [Tab. 3].
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Note that we assume that organizations have their own methods to estimate cost
and schedule. We are not proposing new methods of cost and schedule estimation.
Now the process enters multiattribute utility analysis, focusing on individual
preference function identification.

Options Cost Schedule
Al: Maximum functionality $300k 5 months.
A2: Simpler, more secure system $120k 3 months.
A3: Intermediate $180k 4 months.
A4: Most available technology $150k 2 months.

Table 3: Initial options

4.4  Explore ObjectiveCriteria

The preference function approach requires identification of the list of criteria
reflecting option differences over factors of importance to stakeholders. [Tab. 4] gives
such a list of criteria for the example. There were five primary criteria by clustering
the stakeholders win conditions.

Criteria Related Win Conditions
Functionality U1, U2, U3, U4, U5, U6, U7, U8, M5, M6, M7, P8, 4
Maintenance M1, P1, P5, P7
Project Process M3, M4, P2, P3, P4, P6, S1, S2
Schedule M2, S3
Cost M1
Table 4: Criteria

45  Assess Option Scoresbased on the Criteria

Four different ways to assess option score were explored: direct, linear, nonlinear, and
geometrical progressing scale. For explanation purpose, we present al four
assessment methods here. However, according to our experience, direct assessment is
a simple and appropriate method for requirements negotiation because there is often
not much available information in early life stages, except experts qualitative
judgment and experience. If the data for cost estimation are available, e.g., from
COCOMO, the non-linear scale assessment is useful.

Case 1. Direct assessment. With respect to functionality, the user may not care about
each of the criterialisted in [Tab. 4], but some of these elements would be extremely
important to the user. The user’'s idea level (assessment value: 1.0) and the worst
imaginable level (assessment value: 0.0) system functionality for the user might
include U1, U2, U3, U4, and U7, as shown in the following table:
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Ideal Cases

Worst Cases

Ul

Capability of supporting | e

Microsoft Office

Require use of a system unfamiliar

to the user, such as Frame

u2

Accessible on the
network server
Real time access

user's| e

Accessibility only in alaboratory on

another floor

u3

Presence of display of | e

contents overview

Inability to see contents

u4

Lack of full-text editing

u7

Automatic full-text .
editing
Responsive updating .

New material updates only allowed

through a central administrator

The user would assess such a system with a functionality score of 0. Other
systems with functionality between these extremes would be assigned scores by the
user between 0 and 1, reflecting the relative value to the user by the closeness to 1.
Since each stakeholder would value functionality individually, scores for the same
stakeholder should be allowed to vary across stakeholders. The anchors can be
provided to alow each stakeholder to express their value assessment on each criterion
based on as much complete understanding as possible. User’s direct assessments on a
0-1 scale of the four alternativesin [Tab. 3] are given in the third column of [Tab. 5]

(user weights for four options on five criteria).

Options User User Mgr. | Proj. Mar. SysDes
Al 1 0.8 0.6 0.25
L A2 05 0.9 0.8 0.12
Functionality A3 0.8 06 0.8 05
Ad 0.4 0.6 1 1
Al 0.8 0.2 05
A2 1 0.9 0.86 -
Cost A3 1 05 074 indifferent
A4 1 0.7 0.8
Al 0.2 0.3 0.2 0.12
A2 0.6 0.8 0.6 0.5
Schedule A3 04 0.7 04 0.25
Ad 0.8 0.9 0.8 1
Al 0.5 0.3 0.6
. A2 1 0.9 1 -
Maintenance A3 08 07 08 indifferent
A4 0.6 0.6 0.8
Al 0.8 0.6 0.12
. A2 - 1 1 0.25
Project A3 indifferent 09 08 05
Ad 1 1 1

Table 5: Alternative scores by individual
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Case 2: Linear scale assessment. The user's manager, i.e., the customer who is
funding the project, may have a different basis for evaluating functionality. The user
manager’sideal level of functionality might consist of:

—  Capable of supporting Office, HTML, and PDF

— Real time access behind the system firewall

— Accessible on the network server

—  Control over access

— Automatic full-text editing

— Responsive updating

— Highlevel of automation

—  Control over posting

— Ability to communicate between authorized systems

The user manager’ s assessment of scores uses a linear function based on objective
measures for the alternatives. Costs for each of the alternatives are given with
apparent precision (although it is realized that cost estimates are some of the least
precise measures known to mankind). A precise mathematical function to convert any
project cost (between anchors) to a value between 0 and 1 can be generated. The best
imaginable cost could be assigned a value of 1. The worst imaginable cost could be
assigned a value of 0. The project manager may choose to develop a completely value
function for any cost between these extremes. In this case, the worst imaginable cost
for this type of project might be $550,000, and the least expense that the project
manager could imagine that would accomplish the needed work might be $50,000.
The project manager’ s value function would therefore be:

_ (550,000 — project cost)
SCOM€oos = (550,000 — 50,000)

In this case, the user manager's linear value function based on objective measures
for each project would be asfound in [Tab. 5] (User Manager’s assessment of cost for
each of the four alternatives).

Case 3: Non-linear scale assessment. The project manager might have a different
conception of the anchor values, such as a worst imaginable cost of $500,000, and a
best possible cost of $100,000. The cost associated with a function value of 0.5 might
be estimated as $350,000. A commonly used function is of the form:

—CxCcost

value= A+ Be
In this case, the manager provides three val ue assessments:
1. The cost associated with avalue of 1.0

2. The cost associated with a value of O
3. The cost associated with avalue of 0.5
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These three points give the minimal input required to solve for the values of A, B,
and C, the parameters of this function, which allows either high cost aversion or the
reverse. The resulting function would be:

value = —0.5430 + 0.4182 x g>000etixproject cos

In either linear or nonlinear forms, any cost between the given minimum and
maximum can be calculated. The use of a nonlinear function over objective measures
is applied for the project manager in the fourth column, the second row of [Tab. 5]
(Project Manager’s assessment of value for costs of all four aternatives).

Case 4: Geometrically progressing scale assessment. Another way to assess scoresis
to use a geometric pattern assigning the best measure a score of 1.0, the second best
0.5, the third 0.25, and the fourth 0.12. This approach avoids requiring expression of
the degree of value for each measure, and in that sense could be considered objective.
This method is applied for the system designer in [Tab. 5] (SysDes ratings for
functionality, schedule, and project process). However, this approach introduces
significant inaccuracies.

Stakeholders who do not care about a particular criterion might be allowed to
omit assessing scores for omitted criteria, because they implicitly would give these
criteria an importance weight of 0. Assuming that the systems designer has no interest
in project cost or in training impact, and that the user and user manager have no
concern with project process, the table of fina value functions for scores by
stakeholders might be asgivenin [Tab. 5].

46  AssessRelative Criteria Weights by Each Stakeholder

Four different ways to assess relative weights were considered: Direct subjective
evaluation, SMART [Edwards, 1994], Ratio pairwise comparison [Saaty, 1977], and a
geometric progression. The exercise showed that uncertainty direct subjective
evaluation.

Case 1. Direct subjective evaluation. The user may allocate weights directly
(subjective evaluation, as in the User row of [Tab. 6]). The user was indifferent with
respect to the project process, and therefore gave that criterion a weight of 0. The
greatest emphasis was assighed to functionality, assigned a weight of 0.6. Time was
considered the next most important item, but much less important than functionality.
Cost and Training were equally important to the user. The user’s entries are given in
[Tab. 6].

Case 2. The SMART method. A second way to alocate weights would be to assign
the least important criterion a value of 1, and assign relative weights representing
multiples of importance for each of the other criteria (swing weighting [Edwards
1994]). For instance, the user’'s manager might consider project process as the least
important to him, with arelative weight of 1. Relative weights of 2 might be assigned
to functionality and to training, 3 to time, and 4 to cost. Standardized weights are
obtained by summing the assigned relative weights and then dividing each by the total
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sum. The resulting sum of weights adds to 1.0. This approach is reflected in
manager’s entries within [Tab. 6].

Case 3: Ratio pairwise comparison. The project manager may give the following
ratios of relative importance of each column to the row entry:

Funct. Cost Time Train Process
Funct. 1 1) 2 ) 4
Cost 1 3 1 6
Time 1 Ya 2
Train 1 7

The project manager holds that functionality is only % as important as cost or
training, but twice as important as time, and four times as important as process. The
complete matrix is generated by inversion of corresponding entries, yielding:

Funct. Cost Time Train Process
Funct. 1 1) 2 Yo 4
Cost 2 1 3 1 6
Time 1/2 1/3 1 Ya 2
Train 2 1 4 1 7
Process Y 1/6 Y Yo 1

The eigen vector for this matrix yields the [Tab. 6] weights for the Project
Manager. The eigen vector is obtained by identifying the characteristic function of the
matriX, as explained in [Saaty, 77].

Case 4: Geometric progression. The system designer utilizes the geometric
progression approach for weights as used earlier to generate scores over criteria
Criteria are ranked. Then the least important criterion is assigned 1 (W,=1), the next
most important 2 (Wp=2), the next 4 (W =4), and so on. Then each assigned valueis
divided by the sum (W +Wp+W=1). Stakeholder weights would therefore be shown
in[Tab. 6].

Functional Cost Time Train Process
User 0.6 1 0.2 0.1 0
Manager 0.17 0.33 0.25 0.17 0.08
ProMar 0.18 0.32 0.1 0.35 0.05
SysDes 0.29 0 0.57 0 0.14

Table 6: Relative weights

4.7 Rank Options

The values in [Tab. 7] are obtained by multiplying the weights for each criterion by
the score of each option on that criterion by individual stakeholder. For instance, the
user’s set of weights times scores for Option 1 would be the overall value of Option 1
tothe User, i.e:
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0.6x1.0 + 0.1x0.8 + 0.2x0.2 + 0.1x0.5 = 0.770

These scores can then be used to rank in order the options being considered. This
yieldsthe rankings givenin [Tab. 7].

User Mar ProMar SysDes
Al 0.770 (1st) 0.392 (4th) 0.528 (4th) 0.158 (4th)
A2 0.668 (3rd) 0.883 (1st) 0.879 (1st) 0.355 (3rd)
A3 | 0740(2nd) | 0.633(3rd) 0.741 (3rd) | 0.358 (2nd)
A4 | 0560(4th) | 0.740(2nd) | 0.846 (2nd) 10 (1)

Table 7: Rankings by individual stakeholder

The stakeholders will often have different rankings. Evaluation of why these
rankings are different is made possible with the multi-criteria model. Thisis then the
starting point to conflict resolution. The user ranked A2 third. That is because the
user was most concerned with functionality (weight 0.6), and the user rated this
alternative low on functionality (score 0.5). The system designer also ranked A2 third,
and the system designer ranked A2 as the lowest alternative on functionality (0.12).
These assessments of functionality differ from those of the manager (0.9) and the
project manager (0.8). It is quite possible that the same criterion can be viewed from
different perspectives, resulting in cases such as that encountered here. Examination
of the ratings of the systems designer indicate that on all three criteria considered, the
systems designer had a preference for A4, the system involving the least difficultiesin
implementation.

Weights for the group could come from the same variety of sourcesimplied in the
discussion earlier. Since the user’s manager is the official responsible, we began with
his weights. The group assessmentsimplied arein [Tab. §].

Criteria | Funct. Cost Time Train Process | Value | Rank
Weights 0.17 0.33 0.25 0.17 0.08
Al 0.9 0.2 0.2 0.3 0.5 0.360 4
A2 0.7 0.9 0.6 0.9 0.7 0.775 1
A3 0.7 0.5 0.4 0.7 0.6 0.551 3
A4 0.5 0.7 0.8 0.6 1 0.698 2

Table 8: Group aggregated assessments

Again, the aggregate result yields option A2 as preferred. When a level of
congruence such as this arises, the group might be satisfied that it has identified the
preferred choice.

The current solution is a simple, secure system. It is the least expensive
alternative with arelatively short expected development time. At this stage, the group
might focus on revising a design to better meet individual win conditions.
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Here, al four of the methods yield option A2, the simpler, secure system. There
are myriad other ways of reaching reconciliation as well. In addition, the benefit of
analysisisgreater if the reasons for different rankings are identified.

4.8 Post-Analysis (Tradeoff, Sensitivity Analysis) for Reaching Agreement

In our example the user will not receive maximum functionality. Any particular
functionality features deemed important enough to merit project modification can be
identified at this time. If automatic hyperlink management is not present in A2, but is
considered mandatory, option A2 can be modified to include this particular feature,
with corresponding adjustments to cost and time. Other full functionality features that
the current option may not have, such as automatic full-text editing, may be deemed
not worth the added cost and schedule impact, and could be another source of
alternative improvement in terms of stakeholder preferences.

5 LessonsLearned and Further Research Challenges

The MPARN approach offers useful tools to aid the stakeholder negotiation process.
However, there are a number of challenges involved in its process. These challenges
are given briefly here due to lack of space, but provide a great deal of fruitful scope
for future research.

5.1  Option Generation and Negotiation Planning

An important issue is how to sort these conflicts (shown in Step 2) to aid in
generation of options (shown in Step 3) reflecting the win conditions of the different
stakeholders. We would not want to generate options satisfying each combination of
conditions, because that would be intractable (at a minimum, the number of binary
combinations would be 2" combinations, e.g. 256 options for n=8). We would
recommend reviewing the conflicts to identify a small set of aternative designs (10
would represent a thorough set of designs) intended to represent different sides of the
conflicting issues. One device that might simplify this process would be cross-impact
(or dependency) analysis, which would identify clusters of stakeholder positions. An
ideal solution for each cluster could be used as the basis of a design. This would
imply the need to consider the entire set of criteria.

5.2  Criteria Exploration

Exploring and agreeing criteria among stakeholders are challenging problems.
Criteria were generated in Step 4 by reviewing and combining the set of win
conditions. The generation of this list would be prior to consideration of conflicts. If
different stakeholders held different views on the same issue (such as the user and the
systems developer in our example with respect to format support), criteria
representing both positions could be included. An initial, complete list of criteria can
be generated first. This long list of micro-criteria can then be reviewed and grouped
by theme, yielding the macro-criteria. In our example, we ended up with five such
macro-criteria, which were used as the focus of the multi-criteria analysis for which
scores over aternatives were assessed. Two of these macro-criteria (functionality and
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project process impact) consisted of micro-criteria. The identification of the macro-
criteriais usually a natural grouping of micro-criteria representing a common theme.

5.3  Objective Assessment for Option Scoreand Criteria Weight

It is preferable to be objective because decisions then would be based on concrete
facts, rather than human opinion, which we all recognize as highly variable across
individuals. It is harder to justify a decision when it is based on subjective judgment.
However, it is not always possible to base preference analysis on totally objective
input. The selection of an effective assessment method for a specific situation among
the proposed methods shown in Step 5 and 6 would be an interesting and important
topic in near future.

54  Systematic Post-Analysisfor Agreement

Reaching agreement is a difficult task. One way to accomplish agreement is to let the
responsible manager make the decision. Use of a group support system lets all
stakeholders have an opportunity to provide their input. This alleviates some of the
apparent arbitrariness usually perceived in dictatorial decisions. At the opposite
extreme, the decision could be made by voting. As in political decision-making, this
does not guarantee complete acceptance. Quite the contrary, al of the mechanisms
that have been applied to reaching a decision can be applied in the proposed system.
The opportunity to express win conditions, the use of group support systems to
thoroughly review expected impact, and the use of multi-criteria analysis to
systematically design improved aternatives, will provide a decision environment
gaining broader support from participating stakeholders

5.5  Graphical Support

A further area of research interest is multiple criteria visual support. A number of
multiple criteria methods exist [Olson, 1996]. Some of these have graphical support,
in the form of demonstrating the impact of changes in weights of criteria, as well as
comprehensive sensitivity analysis. The effectiveness of these various forms of
graphical support to groups would be of interest. Another area meriting further
research would focus on the presence of multiple stakeholders in each role, such as a
users committee.

6 Reated Work

There are various conflict resolution techniques. They can be broken down by their
degree of cooperation, domain dependence, and automation [see Fig. 2]. The degree
of cooperation encompasses non-cooperative theories such as zero-sum game theory
as well as very cooperative ones such as Theory W [Boehm, 1989]. The degree of
domain dependency can range from specific knowledge for applying a domain, i.e.,
domain dependent, to common knowledge for applying multiple domains, i.e.,
domain independent. The degree of automation is a characteristic relevant to support
tools for the various conflict resolution techniques. These tools can be fully
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automated, partially automated, general, or manual. [Tab. 9] shows the conflict
resol ution techniques grouped by their aforementioned attributes.

Automation
Fuly-
automated
Semj-" .
aytomated | DA
Group C "'_ I P Group F. ‘
1 General . o
(toolsupport | T
: ] v B
Research Focus g’ s X
Group B @ - Wamar {--- - - . ;' lGroup A Domain
+ Non- | omain- O ’ omain- Dependence
! cooperati¥  dependent ] ,* independent
@ GrolpE
i
: [
Cooperative _/_ . . . .. ___ ... ..._.... ." Group D

Cooperation
Figure 2: Classification of conflict resolution techniques

The focus of the MPARN model is cooperative, domain independent, and semi-
automatic (Group G) because Group G has relative advantages in light-weighted
assessment (more scalable) relative to fully-automatic approaches (Group C or F), has
a more systematic approach to stakeholder negotiation than does manual or general
tool support approaches, e.g., Group A, D, or E, and is more broadly applicable to
domains than domain-dependent approaches, e.g., Group B or C. In addition, the
MPARN model enables stakeholders to assess quantitatively preferences of each
alternative (conflict-resolution option) per stakeholders and understand who and how
much they prefer each alternative to help resolve requirements conflicts, where other
approaches in Group G use qualititive assessment techniques.

[Fig. 3] maps scalability against the degree of automation. The scalability islow
in fully automated and manual systems, medium in general systems, and high in semi-
automated systems because the total workload is high in fully automated and manual
systems, medium in general systems, and low in semi-automated systems. The total
workload is determined by the combination of human-processing workload and
computer-processing workload. Computer-processing workload includes interpreting,
reasoning, and generating facts and rules in the system's knowledge base. Semi-
automated systems have the best scalability because human-processing workload
increases sharply from semi-automated to manual systems and computer-processing
workload increases sharply from semi-automated to fully automated systems.

The accuracy of the results depends on the degree of automation. If project
personnel are experts in an application domain, high accuracy can be achieved even
with manual systems which have no computerized aids. Fully automated systems
provide high accuracy, i.e., good, in the results when the formalized knowledge and
reasoning algorithms are accurate. Semi-automated systems (such as MPARN)
provide medium, i.e., reasonable, accuracy of initial drafts suggested by the systems,
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but they provide high accuracy, i.e., good, in the results, where project personne first
filter theinitial drafts suggested by the systems.

il Cooperation Dz Automation Techniques
Name Dependence
Zero sum game theory & non-zero sum
Group A Non- domain Manual non-cooperative game theory [Jones,
(NIM) cooperative | Independent - 1980][Luce, 1958], bargaining theory [Bell,
1988]
Group B . domain — Semi- Easterbrook's Synoptic [Easterbrook, 1991]
(CDS) Cooperative Dependent automated
Group C domain- Fully- Robertson's Oz [Robinson, 1994], Sycara's
(CDF) Cooperative Dependent automated EQE;]SUADER [Sycara, 1991], and [Klein,
Non-zero sum cooperative game theory
[Jones, 1980, Luce, 1958], theory W
[Boehm, 1989], decision theory [Bell
Group D . domain 1988], Gilb [Gilb, 1988], Rome Lab quality
(CIM) Cooperative Independent Manual metrics reports [McCall, 1977], Pruitt's|
theory [Pruitt, 1981], Architecture Tradeoff
Analysis Method [Kazman, 1998]
[Barbacci, 1997]
! GIBIS [Conklin, 1988], WinWin [Boehm,
G(g"g)E Cooperative Ingorg? dnent Qe;eraloﬁtool 1995], Coordinator, Lotus Notes, Total
1naep PP Quality Management.
] REMAP [Ramesh, 1992a], Klein's tool
Group F . domain Fully- . ! A
Cooperative [Klein, 1991][Klein 1996], Goal-driven
(CIF Independent automated [Lamsweerde, 1998].
Recently revised REMAP [Ramesh,
Group G: 1992b], SIBYL [Lee, 1990], NFRs.
R pch' domain Semi- [Chung, 1995] and [Mylopoulos, 2001], the
FOESECEUHS Cooperative Indenendent automated MIT DICE Project [Sriram, 1993][Sriram,
©9 indep 1992], QARCC [Boehm, 19962, S-COST
[Boehm,  1996b], Boehm,  1998],
[Nuseibeh, 2000]

Table 9: Conflict resolution techniques
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Figure 3: Workload per the degree of automation
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7 Conclusions

Requirements analysis is a key element of information system and information
technology projects. Group support systems provide a very useful means for users,
developers, managers, owners, maintainers, and other interested parties to have a say
in the design of system solutions. Semi-automated approaches like WinWin provide a
means to design superior systems. This paper proposes the use of preference function
analysis to more effectively assess conflicts, and lead to selection of a superior
systems design alternative by adapting the WinWin requirements negotiation
framework. The MPARN model was applied to an industrial-academic repository
system.

The MPARN uses preference function methodology developed within the
multiple criteria decision-making field to more accurately and systematically measure
individual preferences and value functions. Such measures would be expected to be
inaccurate in a confrontational environment where strategic gaming behaviour was
adopted. Nonetheless, in a cooperative environment, where all group members were
interested in generating a winning solution for everyone, accurate measures could be
expected.
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