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Abstract

Many software projects have failed because their requirements were poorly negotiated among stakeholders. This paper proposes a systematic model, called "Multi-Criteria Preference Analysis Requirements Negotiation (MPARN)" to assist stakeholders to evaluate, negotiate, and agree upon alternatives among stakeholders during requirements analysis using multi-criteria preference analysis techniques. The eight-step MPARN model is applied to requirements gathered for an industrial-academic repository system. An initial analysis demonstrates that multi-criteria preference analysis methodology with the WinWin model potentially increases stakeholders’ levels of cooperation and trust by providing a systematic approach to the design of a better negotiation process, as well as focusing on unbiased aspects within a requirements negotiation.
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1. Motivation

Many software projects have failed because their requirements were poorly negotiated among stakeholders [4]. The importance of the requirement negotiation was addressed by a number of keynote speakers in the International Conference on Software Engineering (ICSE) as follows:

· “How the requirements were negotiated is far more important than how the requirements were specified” (Tom De Marco, ICSE 96)

· “Negotiation is the best way to avoid “Death March” projects” (Ed Yourdon, 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)

The Win-Win negotiation model [1], developed by USC Center for Software Engineering, provides a general framework for requirements negotiation successfully. In WinWin, stakeholders begin with eliciting their win conditions, identifying issues/conflicts, generating options to resolve the issues, negotiating the options and reaching agreements. However, reaching the agreements from the options is still an ad-hoc process. 
In this paper, we propose a systematic model to guide stakeholders from options to agreements using multi-criteria preference analysis techniques. We call this model the Multi-Criteria Preference Analysis Requirements Negotiation (MPARN) model. The MPARN cooperates with the artifacts of the win-win analysis (e.g., win conditions, issues, and options) and produces negotiated agreements using multi-criteria preference analysis techniques. We show how to negotiate options for reaching agreements using the multi-criteria techniques with an example, a USC/CSE library repository system. 

The next section describes the context of the work. The third section describes the proposed MPARN steps. The fourth section demonstrates the approach with the repository system example. The fifth and sixth sections present future research challenges and conclusions.

2. Context 

2.1 WinWin Negotiation Model
The WinWin model provides a general framework for identifying and resolving requirement conflicts by eliciting and negotiating artifacts such as win conditions, issues, options, and agreements. The WinWin model uses Theory W [3], "Make everyone a winner", to generate the stakeholder win-win situation incrementally through the Spiral Model. 

The dotted-lined box (steps 1,2,3, and 8) shown in Figure 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). Stakeholders then evaluate the options, delay decision on some, agree to reject others, and ultimately converge on a mutually 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 all conflict situations, but generally increases stakeholders’ levels of cooperation and trust [2, 7].

Agreement is not always guaranteed. There are often tradeoffs among win conditions that need to be balanced. Multicriteria preference analysis provides a means to balance these tradeoffs, and a framework for discussion that can lead to resolution.
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Figure 1: The Process of MPARN
The steps shown in Figure 1 will be elaborated in section 3. A detailed example will be presented in Section 4.

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 elicit 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 [5,8]. While non-linearities can arise due to interactions among criteria, the most common form of preference function is:
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where k is the number of criteria, and j represents the alternative under consideration. The variable wi represents the relative importance of criterion i and the variable sij represents the relative attainment of alternative j on criterion i. Each rational individual is expected to have such preference function if their value function reflects tradeoffs. 

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

3. The MPARN Process
The MPARN process shown Figure 1 begins with the win-win process, which leads to elicit 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 eliciting 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 this is 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.

Step 1: Elicit Win Conditions

Each stakeholder identifies their win conditions. This step provides the basis for identification of ideal project features by stakeholders. 

Step 2: Identify Issues (Conflicts) 

The lists of win conditions are then reviewed, identifying conflicts. This enables identification of conflicts. The step is accomplished in categories of direct conflict, as well as potential conflict. 

Step 3: 
Explore Conflict-Resolution Options

The stakeholders can use the understanding gained from Step 2 to generate conflict-resolution options. It is best to generate a list of options which may emphasize those characteristics preferred by each stakeholder, but that include some balance representing needed conditions of all stakeholders.

Step 4. Explore Objective Criteria

The process of identifying preference functions begins with expression of criteria of importance, followed by identification of options under consideration. 

Step 5: Assess Options based on the Criteria

Once the list of criteria is developed, each stakeholder assesses each option's performance on each criterion. There are many approaches that have been developed to assess scores. The following methods will be explained in detail and demonstrated with an example in Section 4:

1. A direct assessment method on a 0-1 scale

2. A linear function based on objective measures

3. A nonlinear function for objective measures

4. A geometrically progressing scale.

Step 6: 
Assess Relative Criteria Weights by Stakeholder

The next step is to obtain relative weights for criteria by each stakeholder. As with value scores, there are a number of ways to do this (reflecting many possible interpretations of what these weights are, in part – see [5, 13]). In the demonstration example, four of these methods will be used.

1. Direct subjective evaluation

2. The SMART method [6]

3. Ratio pairwise comparison [15]

4. A geometric progression

Each method will be explained with an example in Section 4.

Step 7: Rank Options

The prior steps will provide sufficient information to identify the preference ranking over the options for each stakeholder of the group. If all of the stakeholders obtained the same preferred first choice, the decision process could stop at this point of group unanimity. If reconciliation is required, there are a number of ways of accomplishing this step.

1. Democratic – most votes wins

2. Democratic – use arithmetic means of weights and scores

3. Democratic – use geometric means of weights and scores

4. Dictatorial – use input of person responsible for the decision

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.  An example will be demonstrated in Section 4.

Step 8: Post-Analysis for Agreements

This step seeks to attain stakeholder convergence on a solution satisfactory to all. The proposed process provides a systematic means of identifying the win conditions of all stakeholders, and the multi-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 projects in order to illustrate the use of multi-criteria preference analysis.

Step 1: 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 following win conditions (Table 1).

Table 1: Win Conditions by Stakeholders

	User:
	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 requests and complaints

	User’s Manager
	M1 Development cost should be as less than $300,000

	
	M2 Project to be completed within six months

	
	M3 Make vs. buy analysis conducted before development

	
	M4 Domain experts able to review & archive obsolete 

	
	M5 System must track individual accesses & downloads

	
	M6 Manager may post content and control who can see

	
	M7 Impossible for unauthorized people to access

	Project Manager
	P1 Configuration management of application software 

	
	P2 Metrics are collected on project work

	
	P3 Users involved throughout the development process

	
	P4 Biweekly progress assessment

	
	P5 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

	System Designer
	S1 Familiar development software and tools

	
	S2 Simple project design with single format specified

	
	S3 Sufficient time budgeted 

	
	S4 Break web pages into manageable size


Step 2: Identify 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). Other potential conflicts are given in Table 2.

      Table 2 lists win conditions with conflicts on the left.  Each row then shows those other win conditions with which there are a clear direct conflict, as well as potential conflicts  

Table 2: Win Condition Conflicts
	Win Conditions
	Conflicted Win Conditions

	
	Direct Conflicts
	Potential Conflicts

	
	
	Quality

Conflicts
	Cost

Conflicts
	Schedule

Conflicts

	U1
	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
	S2
	
	


Step 3: 
Explore Conflict-Resolution Options

The next step is to generate conflict-resolution options. Four initial solutions shown in Table 3.

Table 3: Initial Options

	Options
	Cost
	Schedule

	A1: Maximum functionality
	$300k
	5 mos.

	A2: Simpler, more secure system
	$120k
	3 mos.

	A3: Intermediate
	$180k
	4 mos.

	A4: Most available technology
	$150k
	2 mos.


We are not proposing new methods of cost and schedule estimation. Now the process enters multiattribute utility analysis, focusing on individual preference function identification.

Step 4. Explore Objective Criteria

The preference function approach requires identification of the list of criteria reflecting option differences over factors of importance to stakeholders. Table 4 gives such a list of criteria for the example.

Table 4: Criteria

	Criteria
	Related Win Conditions

	Functionality
	U1, U2, U3, U4, U5, U6, U7, U8, M5, M6, M7, P8, S4

	Maintenance 
	M1, P1, P5, P7

	Project Process
	M3, M4, P2, P3, P4, P6, S1, S2

	Schedule
	M2, S3       

	Cost
	M1


Thus there were five primary criteria by clustering the stakeholders' win conditions.

Step 5: Assess Option Scores based on the Criteria

Four different ways to assess option score were explored: direct, linear, nonlinear, and geometrical progressing scale. 

Case 1: Direct assessment. With respect to functionality, the user may not care about each of the criteria listed in Table 4, but some of these elements would be extremely important. 

	
	Ideal Cases
	Worst Cases

	CF1
	· Capability of supporting Microsoft Office
	· Require use of system unfamiliar to the user, such as Frame

	CF2
	· Accessible on the user’s network server 

· Real time access
	· Accessibility only in a lab on another floor

	CF3
	· Presence of display of contents overview
	· Inability to see contents

	CF4
	· Automatic full-text editing
	· Lack of full-text editing

	CF7
	· Responsive updating
	· New material updates only allowed through a central administrator


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 allow each stakeholder to express their value assessment on each criterion based upon as much complete understanding as possible. 

Table 5: Alternative Scores by Individual


      Options:
User
User Mgr.
Proj Mgr
SysDes

FUNC-

A1
1.0
0.8
0.6
0.25

TIONALITY
A2
0.5
0.9
0.8
0.12



A3
0.8
0.6
0.8
0.50



A4
0.4
0.6
1.0
1.0     _     

COST

A1
0.8
0.2
0.50      
    indifferent



A2
1.0
0.9
0.86



A3
1.0
0.5
0.74



A4
1.0
0.7
0.80                         _

SCHEDULE
A1
0.2
0.3
0.2
0.12



A2
0.6
0.8
0.6
0.50



A3
0.4
0.7
0.4
0.25



A4
0.8
0.9
0.8
1.0    _

MAINTENANCE
A1
0.5
0.3
0.6
indifferent



A2
1.0
0.9
1.0



A3
0.8
0.7
0.8



A4
0.6
0.6
0.8_______________ 

PROJECT

A1
indifferent
0.8
0.6
0.12

PROCESS

A2

1.0
1.0
0.25



A3

0.9
0.8
0.50



A4

1.0
1.0
1.0

User’s direct assessments on a 0-1 scale of the four alternatives in Table 3 are given in the third column of Table 5 (user scores for four options on five criteria).
Case 2: Linear scale assessment. The user’s manager’s ideal level of functionality might consist of:

· Capable of supporting Office, HTML, & PDF

· Real time access behind the system firewall

· Accessible on the network server
(
Control over access

· Automatic full-text editing 

(
Responsive updating

· High level of automation
(
Control over posting 

· Ability to communicate between authorized systems

The user manager’s assessment of scores (column 4 of Table 5 uses a linear function based on objective measures for the alternatives. The best imaginable cost (for instance, $50,000) could be assigned a value of 1.0. The worst imaginable cost (for instance, $550,000) could be assigned a value of 0. The project manager’s value function would therefore be:
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Case 3: Non-linear scale assessment. The project manager (column 5 in Table 5) 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:
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In this case, the manager provides three value assessments:

1. The cost associated with a value of 1.0

2. The cost associated with a value of 0

3. The cost associated with a value of 0.5

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:
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In either linear or nonlinear forms, any cost between the given minimum and maximum can be calculated.  

Case 4: Geometrically progressing scale assessment. Another way to assess scores is 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 method is applied for the system designer in Table 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. 

Step 6: 
Assess Relative Criteria Weights by Each Stakeholder

Four different ways to assess relative weights were considered: Direct subjective evaluation, SMART [6], Ratio pairwise comparison [15], and a geometric progression. 

Case 1: Direct subjective evaluation. The user may allocate weights directly (subjective evaluation, as in the User row of Table 6). The user’s entries are given in Table 6.

Case 2: The SMART method. A second way to allocate 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 [9]). For instance, the user’s manager might consider project process as the least important to him, with a relative 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 sum. The resulting sum of weights adds to 1.0. This approach is reflected in manager’s entries within Table 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
½
2
½
4

Cost


1
3
1
6

Time



1
¼
2

Train




1
7

The project manager holds that functionality is only ½ as important as cost or training, but twice as important as time, and 4 times as important as process. The complete matrix is generated by inversion of corresponding entries, yielding:


Funct.
Cost
Time
Train
Process

Funct.
1
½
2
½
4

Cost

2
1
3
1
6

Time

1/2
1/3
1
¼
2

Train

2
1
4
1
7

Process
¼
1/6
½
½
1

The eigen vector for this matrix yields the Table 6 weights for the Project Manager. The eigen vector is obtained by identifying the characteristic function of the matrix, as explained in [15].

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 (Wa=1), the next most important 2 (Wb=2), the next 4 (Wc=4), and so on. Then each assigned value is divided by the sum ((Wa+Wb+Wc=1).

Stakeholder weights would therefore be shown in Table 6.
Table 6: Relative Weights


Funct.
Cost
Time
Train
Process

User
0.6
0.1
0.2
0.1
0

Manager
0.17
0.33
0.25
0.17
0.08

ProMgr
0.18
0.32
0.10
0.35
0.05

SysDes
0.29
0
0.57
0
0.14

Step 7: Rank Options

 The values in Table 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:

0.6(1.0 + 0.1(0.8 + 0.2(0.2 + 0.1(0.5 = 0.770

the overall value of Option 1 to the User.  These scores can then be used to rank in order the options being considered.  This yields the rankings given in Table 7

Table 7: Rankings by Individual Stakeholder


User
Mgr
ProjMgr
SysDes

A1
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
0.740 (2nd)
0.633 (3rd)
0.741 (3rd)
0.358 (2nd)

A4
0.560 (4th)
0.740 (2nd)
0.846 (2nd)
1.0   (1st)

The stakeholders will often have different rankings.  Evaluation of why these rankings are different is made possible with the multi-criteria model.  This is then the starting point to conflict resolution.  

Weights for the group could come from the same variety of sources implied in the discussion earlier. Since the user’s manager is the official responsible, we began with his weights. The group assessments implied are in Table 9.

Table 9: Group Aggregated Assessments

Criteria
Funct.
Cost
Time
Train
Process
Value
Rank

Weights
0.17
0.33
0.25
0.17
0.08_________________

Scores

A1
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
0.698
2

Here, all four of the methods yield option A2, the simpler, secure system. At this stage, the group might focus on revising a design to better meet individual win conditions. The benefit of analysis is greater if the reasons for different rankings are identified.

Step 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 sources of alternative improvement in terms of stakeholder preferences could also be considered.

5. Related Work and 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. The win-win methodology provides 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.

Research related to the MPARN model includes many conflict resolution models for requirements negotiation (e.g., [9, 10, 11, 12, 14], etc.). The MPARN approach has relative advantages in quantitative assessment and has a better consideration on stakeholder negotiation. 

There are a number of challenges involved in the MPARN process.  These challenges are given briefly here due to lack of space, but provide a great deal of fruitful scope for future research. These include:

· Option Generation and Negotiation Planning

· Criteria Exploration

· Objective Assessment for Option Score and Criteria Weight

· Systematic Post-Analysis for Agreement
· Graphical Support
· The impact of multiple stakeholders 
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