Issues Importance Analysis for Reaching
High-Quality Consensus in Preference-Based
Conflict Scenarios

Malgorzata Przybyla-Kasperek![0000-0003-0616-9694] 51 Rafal
Deja210000-0002-1006-2454]

! University of Silesia in Katowice, Institute of Computer Science,
Bedzinska 39, 41-200 Sosnowiec, Poland
malgorzata.przybyla-kasperek@us.edu.pl
2 Department of Computer Science, WSB University, ul. Cieplaka 1c, 41-300,
Dabrowa Goérnicza, Poland
rdejaQwsb.edu.pl

Abstract. The paper introduces a novel, systematic method for identi-
fying the most critical issues impacting consensus quality in preference-
based conflict situations. By analyzing the effect of removing individual
issues on consensus outcomes — both for the entire group of agents and
within smaller coalitions — the proposed approach provides an under-
standing of prioritizing negotiation efforts and reducing conflict intensity.
A case study demonstrates the practical effectiveness of the method in
real-world decision-making contexts, showing how it can guide agents to-
ward higher-quality agreements. While the approach offers a structured
framework for issue importance analysis, its current application is limited
to scenarios with clearly defined agent preferences.
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1 Introduction

Achieving consensus in Multi-Criteria Decision-Making (MCDM) scenarios in-
volving multiple agents with conflicting preferences is a fundamental challenge
in areas such as corporate strategy, resource allocation, and policy development.
The ability to identify key issues that significantly influence consensus quality
is crucial for improving negotiation efficiency and reducing conflict intensity.
Addressing this challenge requires systematic approaches that account for both
individual and collective preferences while balancing competing priorities across
diverse stakeholders.

MCDM research focused on developing a range of techniques, such as multi-
attribute utility theory, analytic hierarchy process, and ELECTRE, to tackle
different types of decision problems, including selection, ranking, and sorting of
alternatives [1,6,14]. The development of MCDM has been further enhanced
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by the incorporation of concepts from fuzzy set theory and three-way decision-
making, which have significantly improved the capacity to handle uncertainty
and vagueness inherent in many real-world decision scenarios [7,12, 13]. This pa-
per follows a more qualitative approach proposed by Pawlak [8,9] and considers
a formal framework to analyze preference-based conflict situations proposed in
[5]. Conflict analysis plays a crucial role in decision-making and has been ex-
tensively explored from various perspectives in the literature [2,4,10]. Various
approaches, such as preference aggregation techniques and conflict resolution
models, have been proposed to facilitate decision-making in complex scenarios
[3,11]. However, these methods often fail to systematically assess the contribu-
tion of individual issues to overall consensus quality. While traditional MCDM
techniques provide structured frameworks for ranking and selecting alternatives
based on multiple criteria, they often require explicit weighting and aggregation
of preferences, which may not fully capture the dynamic interaction of individ-
ual issues in consensus formation, especially in conflicting stakeholder interests.
In contrast, the proposed method systematically evaluates the impact of remov-
ing individual issues on consensus quality, offering a more granular analysis of
issue importance. Unlike sensitivity analysis that measures output variation un-
der input perturbations, our method introduces structural conflict resolution by
identifying which issue removals maximally improve consensus quality through
inverse problem-solving — determining optimal negotiation pathways rather than
assessing parameter sensitivity.

This paper introduces a novel method to assess the importance of individual
issues in achieving high-quality consensus. By systematically analyzing the ef-
fect of removing specific issues on consensus quality, both across the entire set of
agents and within smaller coalitions, the proposed approach provides actionable
insights for prioritizing negotiation efforts. The results demonstrate the effec-
tiveness of this method in reducing conflict and improving consensus quality,
offering valuable guidance for decision-makers in multi-agent environments.

The remainder of this paper is structured as follows: Section 2 presents the
methods, including key definitions and the proposed algorithm. Section 3 pro-
vides a case study to illustrate the practical application of the approach. Section
4 offers a comparative discussion of the findings, while Section 5 concludes the
paper with insights and future research directions.

2 Methods

Multi-criteria decision-making methods involve determining preferences among
a set of alternatives. In this study, we employ a conflict model consisting of a set
of agents — that can be interpreted as different evaluation criteria or perspectives
— and a set of issues, which can be recognized as a representation of the avail-
able alternatives. The paper uses the conflict model with preferences [5], defines
consensus, and investigates the impact of issues on reaching consensus. In other
words, we investigate how the omission of a particular issue affects the ability
to reach a higher-quality consensus.
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Definition 1. A preference-based conflict situation is represented as a triplet
PS = (A, 1,{>, |a € A}), where A is a set of agents, I is a set of issues and
—q 18 a strict preference relation over issues for each agent.

Preferences are expressed through pairwise comparisons of issues by agents.
Specifically, for each agent a, the strict preference relation >, represents a set
of ordered pairs of issues (4,5), where agent a prefers issue 4 over issue j. For-
mally, »=,= {(4,j) € I x I|a supports i more than j}. When an agent does not
express a strict preference between two issues, they are considered indifferent.
The indifference relation ~, captures this lack of preference and is defined as:
~e= {(i,5) € I x I|=(i =4 j) A —(j =a ©)}. To complete the set of possible
relations, we introduce the reverse preference relation. This relation inverts the
direction of the strict preference ordering. For an agent a € A, it is defined as:
<o=1{(,1) € I x I|(3,)) €4}

For a pair of issues (i,j), the conflict degree between two agents a and b
(denoted by ¢%(a, b)) is determined by their preferences. Agreement: In the event
that both agents exhibit a preference for ¢ over j or conversely j over i, or if
both agents show indifference to 7 and j, the degree of conflict is indicated as A~=.
Partial Agreement: In circumstances where one agent demonstrates indifference
while the other expresses a preference, the degree of conflict is represented as
A¥. Disagreement: When one agent expresses a preference for i over j, while the
other exhibits a preference for j over i, the degree of conflict is identified as A7.

The overall conflict degree between two agents over a set of issues J C [
is the sum of the conflict degrees for all pairs of issues from J: ¢/(a,b) =
> tijyeps €7(a,b) where ¢(a,b) is the conflict degree between agents a and

b for the pairs of issues {i,j} coming from a set P” of all unordered pairs in J.
To enable thorough comparison, the conflict degree is standardized to a con-
tinuum [0, 1]. This process requires modifying the degree of unrefined conflict ac-
— J . J

cording to its minimum and maximum potential values: ¢’ (a, b) = <) —min(c")

where min(c’) = Z{i,j}eﬁ” AT = (W +|J|)A= and

max(c’) = Y, yeps M = (LD 41707

The relationships among the agents can be characterized according to the
established normalized degree of conflict. For example, when the conflict degree
between two agents falls below a predetermined threshold, they are deemed to be
in a collaborative alliance. A more precise explanation is provided in Definition 2.

Definition 2. For a preference-based conflict situation PS, the alliance relation
RA, neutrality relation RY, and conflict relation RC on A with respect to a
set of issues J C I are defined as: R* = {(a,b) € A x A | ¢/(a,b) < B},

RN = {(a,b) € Ax A| B <¢/(a,b) <a}, RC ={(a,b) € Ax A|c’(a,b) > a},
where a, B € [0,1] are two given thresholds satisfying 5 < co < a with co € (0, 1)

representing the neutral point of the normalized conflict degree.

The above approach allows us to identify a set of alliance agents. The con-
cept of consensus is defined to determine agreement among agents and establish
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Algorithm 1: Evaluation the issue’s importance in obtaining consensus
Data: A preference-based conflict situation PS = (A, I, {>. |a € A}). Method
of calculating ~y
Result: X — a set of issues essential in obtaining consensus for a set of agents
A. Xc — a set of issues essential in obtaining consensus for coalitions.

1 begin
2 X < empty list; // Key issues required to reach consensus in A
3 Xc < empty list; // Issues for achieving consensus in coalitions
4 foreach i € I do
5 Consider a preference-based conflict situation
PS' = (A; 15 {-1" |a € A}) where I’ = I\ {i};
6 foreach pair a,b € A do
7 L Calculate normalized degree of conflict C! (a, b)
8 Calculate v using a specific method,;
9 Determine coalitions C1, ..., Ch;
10 Determine the preference-based consensus PConsﬁ; and the weak
consensus V[/C’onsfg1 for the set of agents A;
11 foreach coalition C; do
12 Determine the preference-based consensus PConsgj and the weak
consensus WConsgj for the coalition Cj;
13 Calculate the quality of the consensus PCoan and WConQ{;;
14 Calculate the average quality of consensus for coalitions
PConQICLMC" = % Z;;l PC’onQICj .and
| WConQL,. ., = L WConQE,

15 X = arg maxieI{PC’OnQ{:, WConQK}; // argmax, f(z) denotes the

16 | Xc=arg maxieI{PCoanl Cn,I/I/*C'onQICQ1 e b

,,,,,,,,,,

17 return X, X¢

a partially or fully compatible ordering of issues. We propose two types of consen-
sus. The first type (Definition 3) is more restrictive and requires that all agents
agree on the preference of issue i over issue j. The second type of consensus
(Definition 4) is more gentle and recognizes a preference for issue i over issue
j provided that at least one agent agrees with it and none of the other agents
oppose such a preference. Thus, a possible indifference relation is considered in
favor of the agent who prefers one issue over the other. To better understand the
role of individual attributes in driving conflict, we systematically compare the
degree of conflict before and after removal of each attribute. This comparison
allows us to quantify how the presence or absence of specific attributes affects
both global and coalition-based conflict levels.
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Definition 3. For any subset of agents B C A the preference-based consensus
over a set of issues J C I is defined as: PCons}, = (\,ep =i

Definition 4. For a subset of agents B C A a weak consensus over a set of
issues J C I is defined as follows WConsh = (Ugep =) \ (Ugen <1)

The consensus obtained does not have to be of weak order (satisfies irreflex-
ivity, asymmetry, transitivity, and negative transitivity). It will be just a selected
subset of issue preferences agreed upon by all agents. The more common pref-
erences a consensus contains, the better its quality. To be able to compare the
quality of consensus we introduce a general measure in Definition 5.

Definition 5. For a subset of agents B C A the quality of consensus over the

set of issues J C I is defined by: QL = ||}€37\1;%|| where Cons} is any set of
issues defined in Definitions 3 and 4, and P’ is the set of all ordered pairs in
a set of issues J. In the definition, we subtract the pairs of the same issue i.e.
T = {(i,i) : i € J} as they are not causing any conflict and can exist only in

the indifference relation.

It should be further noted that consensus can be determined in the full set of
agents or for a subset of compatible agents. Based on the alliance relation and
the conflict degree, we define the coalition of agents for which the consensus will
be determined.

Definition 6. The subset of agents C C A is forming a coalition with a thresh-
old ~ if all pairs of agents (a,b) from C are within an alliance relation i.e.
¢’ (a,b) < v or the coalition consists of one agent {a} if there is no agent {b}

such that ¢’ (a,b) < 7.

Our goal is to investigate how reaching an agreement on a specific issue
affects the state of the conflict and the level of consensus. In addition, how does
the elimination of an issue affect the quality of the consensus? To analyze this,
we can assess the impact of each issue by systematically removing them one by
one from the set I. This approach will enable us to assess the contribution of
each issue to the overall conflict dynamics and consensus formation. Such an
analysis will allow us to determine the issue that is most important in a given
situation and provide important guidelines in the negotiation process to establish
consensus.

The pseudocode of the algorithm to evaluate the importance of issues in
obtaining consensus is presented in Algorithm 1. In line 4 of Algorithm 1,
a loop iterates over each issue, defining a preference-based conflict situation
while omitting the current issue. Coalitions C C A are formed when pair-
wise conflict degrees c¢”/(a,b) fall below threshold ~. It can be calculated as
v = ﬁ > abeac’(a,b). This ensures coalition members have conflict levels
below the group average. The consensus quality is then evaluated for both the
entire set of agents A and coalitions. Once the loop completes, the issues are
selected in such a way that removing them results in consensus with the highest
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quality. A selected set of key issues demands the most attention during ne-
gotiations. Achieving agreement on these issues ensures the highest quality of
consensus. Of course, the algorithm can be easily modified in case one is inter-
ested in determining only one of the consensuses: preference-based consensus or
weak consensus.

3 Case study — Critical issues in achieving consensus

Consider a multi-criteria decision-making scenario where six managers A =
{a1,a2,a3,a4,as,as}, must agree on the prioritization of five strategic projects
I = {iy,i2,13,%4,15}, for a company’s annual development plan. Each project
represents a different focus area, such as innovation (i1), cost reduction (is),
employee training (i), marketing expansion (i4) and sustainability (i5). Each
manager evaluates these projects based on their individual priorities and goals,
leading to preference relations as follows:

a1 Prefers cost reduction, training, marketing, and sustainability over innova-
tion, indicating a focus on operational efficiency.

as Values innovation above all other projects, but also ranks cost reduction
higher than training, marketing, and sustainability.

as Prioritizes innovation and sustainability while placing a lower importance on
cost reduction and marketing.

a4 Sees innovation as critical but also emphasizes marketing and cost reduction
over training and sustainability.

as Consistently prioritizes innovation across all comparisons, suggesting a strong
alignment with the company’s long-term growth vision.

ag¢ Has a mixed set of preferences, balancing innovation, cost reduction, and sus-
tainability, while de-emphasizing training and marketing.

In this scenario, the managers must navigate their conflicting preferences to
identify a consensus that aligns with the company’s overall strategy. More for—
mally, the preference relations are: =1 = {(iz, 1), (i3,%1), (i4, i1), (is,i1)}, =L =
{(ilv i2) (i17 7;3) (ilv i4)7 (7;1’ i5) (i27 iS) (i27 i4) (227 7’5)} >ag {('Ll’ 22) (217 23),
(i1,44), (i1,75), (i5,i2), (i5,i3), (i5,i4)}, =5, = {(i1,42), (21723 (i1,75), (ia,%2),
(ia,13), (iayi5)}, =a,= {(i1,92), (i1,33), (i1,14), (i1,85)}, =4, = {(i1,3), (i2,01),
(ig,ig), (ZQ, i4) (i4, i3) (i5,i1), (i5,i3), (i5,i4)}. The corresponding indifference
relations are: Nal {(Zlﬂil)7 (i27i2)7 (i27i3)7 (i27i4)a (i27i5)a (i37i2)v (i37i3)a
(13724) (i3,45), (ia,%2), (ia,13), (ia,4a), (ia,45), (i5,42), (i5,43), (i5,4a), (i5,%5)},

)s

~b,= {1, i), (lzﬂz) (i3,43), (i3,14), (i3,85), (i,13), (ia,84), (ia,75), (i5,43),
(i5’24)> (i5,95) s ~a,= {(i1,01), (i2,42), (i2,43), (i2,14), (i3,92), (i3,43), (i3,74),
(ia,12), (ia,d3), (Z iv), (s, i5)}, ~h= {lin,01), (in,i4), (i2,42), (22723)7 (i2,15),
(i3,12), (i3,13), (%3715% (ia,41), (iay4a), (i5,72), (i5,73), (i5,75)}, ~gy= {(i1,01),
(i2,12), (i2,13), (i2,14), (i2,75), (i3,12), (i3,13), (i3,%4), (i3,75), ( )7 (i4,13),
(ia,4a), (ia,45), (25722) (i5,13), (i5,%4), (i57i5)}7 N¢116: {(2177’1) (7’1714)7 (1272.2)’
(i2,75), (i3,13), (ia,01), (i4,14), (i5,42), (i5,75)}

For the considered example and the set of agents A the consensus is equal
PConsl, = () and the weak consensus W Cons’ = {(i2,3), (is,3), (i5,3)}. Now,
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let us consider the consensus within the coalition. Table 1 lists the conflict degree
expressed with A=, A®, and A\#. Table 2 shows the normalized degree of conflict
with A= =0, A¥ = 1, and \* = 2.

Al a ag a3 ay ag ag

a1 [15A= [8AT 4+ 3AF £ 427 | 8AT + 3AF 4+ 407 [8A= + 42 4 307 [11A= + 0A™ + 407 [8A= + 64~ + 1A
as 15A= 10AT 4+ 43 £ 107 |92 + 5% 4+ 127 [1207 + 30% 4 0A7 82T 4 5A% 4 207
as 15A= AT 4 5AN £ 107 [1207 + 3A% 4 0A7 |8AT + 52 4 207
ay 152~ TIAT 4 40% 4+ 0A7 [9AT 4 2a% 4 arF
as 15A= AT 4 6A% 4 2aF
ag 152=

Table 1. Conflict degree ¢! express with A=, A~, and \*

Let us assume that the threshold value v for an allied relation is equal to
the average value of the normalized degrees of conflict between different agents.
Therefore, in our case it is equal to v = % =15 = 0.258 Thus, each pair of agents
for which the degree of conflict is less than 0.258 is in an alliance relation. The
graphical representation of this relation, where the nodes are agents and the al-
liance relation is represented by edges, is shown in Figure 1. As can be seen in the
presented situation, we can identify three coalitions {as, as, as,as},{a1}, {as}-
Coalitions represent departments with aligned priorities (e.g. first coalition as
R&D-focused units). Threshold ~ is set as the average conflict degree to balance
group cohesion and practical manageability.

ATer T3 [oplegTop [on
ke E
2T B
a3 S5 v
ay 0 % %—g \/
ag 0 30 7
ag 0
Table 2. Normalized conflict de- Fig. 1. Allied relation

gree ¢l — A= =0, \¥ =1, \" =2

Now, let us consider the consensus within each coalition separately. For coali-
tion Cy = {ag,as,aq,as5} we have: PC’onsé1 = {(i1,12), (i1,13), (i1,15)} and
WConslcl = {(il, i2)7 (il, ig), (il, i4), (il, i5), (ig, ig), (i4, ig), (’i5, 23)} For the re-
maining single-element coalitions Co = {a1}, C3 = {ag}, consensus and weak
consensus are the same as the preference relation of the agents belonging to
the coalition. As we can see, coalitions provide a framework for analyzing the
interactions of subsets of agents with similar or compatible preferences. This
is especially relevant in scenarios where reaching full consensus is difficult due
to conflicting views of agents. By examining coalitions, we can identify agent-
specific patterns and influences on consensus formation. This is valuable for un-
derstanding the role of agents such as a; and ag that appear as outliers in their
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preferences. The coalition framework enables deeper analysis of how removing
specific agents affects group agreements.

3.1 Importance of issue i,

We start the analysis by removing the issue ¢;. Let us consider a preference-
based conflict situation PS™ = (A; I''; {~I"" |a € A}), where A = {a1,..., a4},
I = {ig,i3,i4,45}, and the preference relations are: >£L11= 0, >é;1= {(i2,13),
(i, ia), (i i5)}, =4, = {(i5,2), (is, i), (is,ia) }, =0, = {(ia, i2), (ia, i), (ia, 35)},
>'é;1 = (Z)’ >‘£: = {(i27 i3)a (i27 i4)a (i47 i3)7 (i5a i3)7 (i5a 24)}

Table 3 lists the conflict degree expressed with A=, A¥, and \#. Table 4
shows the normalized degree of conflict with A= = 0, A = 1, and \* = 2
- we compare it to the baseline (Table 2). For agents a; and as, the conflict
degree decreases significantly, indicating that i; was a polarizing issue in their
preferences. However, the conflict degree increases slightly between as and ag,
suggesting that ¢; played a unifying role for this pair. This indicates that i; has a
mixed effect, reducing conflict for some agents (e.g., as, as, as) while destabilizing
others (e.g., a1, ag).

ay ag a ag as ag

102~

TAT + 32T £ 0x
10A=

TAT + 327 fox
BAT + 42~ 4 1AF
10A=

TAT + 32T £ oA

5AT 4 4AF 4 1AF

AT + 4AF 4 1AF
102~

10AT 4 0A™ 4 oA

TAT 4+ 3A% 4 0AF
TAT 4 3AF 4 0T
AT 4 32~ 4 0AF

52T + 527 4+ 0x

6AT + 4\~ 4+ OAF
6AT + AN~ 4 OAT
62T + 2A% 4 227

102~

5AT + 5A% 4+ 0AF
1027

Table 3. Conflict degree A A=, A¥, and N7

Assume the threshold value for an allied relation is defined as the average
of the normalized degrees of conflict between different agents. In this case, it
is calculated as % + 15 = 0.2. Figure 2 provides a graphical representation of
this relation, where nodes represent agents and edges depict allied relations. In
the current scenario, we can identify four coalitions: {a1,as,as}, {a1,as,as},
{a1,a4,as5}, and {ag}.

A
ay| 0
a2
a3
aq
as
a6

o &d

o Botfad

o Eelotdqs

o Gl 0|7
oYl

Table 4. Normalized conflict de- Fig.2. Allied relation for preference-
gree I oa= = 0, \¥ =1, A =2 based conflict situation PS*
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The consensus and weak consensus for the entire set of agents are PCons’y" =
0 and WConsly' = {(ia,i3), (i4,i3), (i5,93)}. This reflects the fact that each
agent prefers one of the issues over the i3 issue. In fact, agent ay prefers issue iy
over the others, agent ag prefers issue i5 over the others, agent a4 prefers issue iy
over the others and agent ag prefers issues is and i5 over the others. All agents
have in common that they least prefer the i3 issue and this is illustrated in the
weak consensus for them.

Now, let us consider the consensus and weak consensus obtained for each
individual coalition. For the coalition C; = {a1, a2, a5} we have the consensus
PC’onsgl1 = () and the weak consensus I/VC’onsgl1 = {(42,13), (i2,44), (i2,75) }-
For the coalition Cy = {a1,as,as} we have the consensus PC’onsgz1 = and
the weak consensus WC’onsgz1 = {(i5,42), (i5,143), (i5,44)}. For the coalition
C3 = {a1,a4, a5} we have the consensus PConsg; = () and the weak consensus
WConsf, = {(ia, i2), (i, 13), (is,5)}. For the coalition Cy = {ag}, the consen-
sus and the weak consensus are both equal to the agent ag relations. In this
situation the consensus for the coalitions is less interesting than the consensus
for all agents A because the consensus for each coalition consists of preferences
of single agents (for Cq — ag; for Cy — as; for C5 — ay). This is a reflection of the
fact that after the removal of issue 71 agents a; and a5 have no preferences.

Let us now evaluate the quality of consensus obtained for both the full set
of agents and the individual coalitions after removing issue ¢;. For the full set
of agents, the quality of consensus is PCOTLQIA” = 0 and the quality of weak
consensus is I/VC’oan{;1 = 2%. On the other hand, for coalitions, the average
consensus quality is equal PC’oanll,C%C&c4 =(0+04+0+ 25—0)/4 = % and the
quality of weak consensus is WConQg! o, coco = (55t o+ o5 +25)/4 = 5. It
is evident that the highest quality of consensus after removing issue 4; is achieved
for weak consensus when considering coalitions.

3.2 Importance of issue iy

We continue our analysis by removing the iy issue. Let us consider a preference-
based conflict situation PS% = (A;I%2; {~I" |a € A}), where A = {a1,... a6},
I'2 = {iy,i3,44, 15}, and the preference relations are as follows: =!*= {(i3, 1),
(i47 7;1)7 (i57 il)}a >£;2 = {(ila 7:3)7 (7;17 i4)7 (7;17 Z'5)}7 >‘£;2 = {(ih 23)7 (7:17 i4)a (ih i5)1
(i57 7/3)7 (i57 fé4)}7 >£42 = {(ila 7:3)7 (7;17 i5)7 (7;47 i3)7 (i47 i5>}7 >_I52 = {(7:17 23)3 (ih i4)7
(i17 7;5)}; >¢Ilﬁ2 = {(i17 713)7 (Z'47 23)7 (i57 il)u (i57 23)7 (i57 24)}

Table 5 presents the normalized degree of conflict with A= =0, A® =1, and
A7 = 2. Comparing this with the normalized degree of conflict after removing
issue i; (Table 4), we observe that for agents as,as,as and as, the values are
lower when issue i5 is removed compared to ;. The opposite is true for agents
a1 and ag. The average normalized degrees of conflict between the agents is now
89 - 15 = 0.23. Figure 3 shows a graphical representation of allied relations for

20
the threshold value 0.23 — we can identify four coalitions: as, a4, as, as,as, as,
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as, ag, and a;. Comparing the normalized conflict degrees after removing is to
the baseline (Table 2), we note a reduction in conflict between as, az, and as,
facilitating the formation of the coalition asg, as, as. Conversely, conflict increases
between a; and ag, indicating that ¢s was pivotal in maintaining alignment
between these agents. This suggests that i5 is a significant driver of conflict in
coalitions with high variability in preferences but acts as a stabilizing factor for
outliers.

Alaq a62 asg a74 a65 a66
Ak
ol 1T1T82 (2
SRR SR
ay Y % @ \44
ag 0 20
ag 0

Table 5. Normalized conflict de- Fig.3. Allied relation for preference-
gree ¢! — AT =0, A\ =1,)\" =2 based conflict situation PS5

The consensus and weak consensus for all agents are PCons!* = () and
WConsl® = {(is,i3), (is,i3)}. The weak consensus indicates that agents prefer
issue 74 and i5 over issue i3. ‘ ‘

For coalition C; = {as2, a4, as}: PConsgf ={(41,143), (41,75)} and WConsgf
= {(i1,13), (¢1,%4), (i1,45), (i4,%3), (i4,15)}. Based on the weak consensus, a clear
hierarchy of issues appears: the highest-rated issue is i; , followed by 44, while
the lowest-rated issues are i3 and i5. For coalition Cy = {az, as,as}: PC’onsa2 =
{(il, i3), (’il, i4), (’il, 25)} and WConsg; = {(il, ig), (il, i4), (il, i5)7 <i5, i3)7 <i5, 24)}
For both consensus and weak consensus the hierarchy of issues appears. Issue
11 is the highest-rated, while the other three issues — 73,14, and i5 — share the
second position. In contrast, under weak consensus, i1 is followed by 45, with
i3 and 44 being the least preferred. In both consensus scenarios, some agents
from coalition C5 make concessions. In the consensus case, agent as gives up
its preference for issues i5 = i3 and i5 > i4. In contrast, under weak consen-
sus, agents az and as agree on preferences regarding issues they were previously
indifferent to. For coalition C5 = {as,as}: PC’onsg: = {(i1,143), (i5,13), (i5,44)}
and WC’onsg; = {(il, ig), (il, i4), (i4, ig), (i5, ig), (i5, 14)} In the weak consensus
case, the hierarchy of issues is as follows: i; and i5 remain the highest-rated, iy
is in second place, and i3 is the least preferred. For the coalition Cy = {a;}, the
consensus and the weak consensus are equal to the agent a; preferences.

We now analyze the quality of consensus achieved for both the complete set
of agents and the individual coalitions after the removal of issue i2. For the entire
set of agents, the consensus quality is PC’oan2 = 0 and the quality of weak

consensus is WCOTLQ£2 = %. On the other hand, for coalitions, the average
consensus quality is equal PC’oaniCQ’Cg)C4 =(Z+2+2+2)/4= 1 and

the quality of weak consensus is WConQg” ¢, ¢, o, = (35t 35+ 25 +35)/4 = 15-
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These results show that weak consensus yields the highest quality when coalitions
are considered. It is also evident that the quality of consensus achieved after
removing issue i is higher than that obtained after removing issue i;. This
indicates that agents’ opinions on issue ¢5 are more divergent and contribute to
greater conflict.

3.3 Importance of issue i3

We perform an analogous analysis for the issue i3 removal. Let us consider a
preference-based conflict situation PS% = (A;1%;{~I" |a € A}), where A =
{a1,... a6}, I"® = {iy,ia,i4,i5}, and the preference relations are as follows:
>5_13 = {(iQa Z‘1)7 (i4a Z‘1)7 (i5a il)}’ >£;3: {(ilv i2)7 (Z“h Z.4)’ (ila i5)’ (i27 i4)7 (i27 i5)}a
>£;3: {(i1a>i2)a (ilaiél)a (il,i5), (i5ai2)a (i5ai4)}7 >5;3: {(ilaiQ)a (i13i5)7 (i47i2)3
(i47 i5)}a >¢Iz;3: {(ilv iQ)’ (ilv Z.4)’ (ilv i5)}a >¢Iz;3: {(i27 il)’ (i27 Z.4)7 (i57 il)v (i57 24)}

Table 6 shows the normalized degree of the conflict with A= = 0, \¥ =
1, and \* = 2. The graphical representation of the alliance relation for the
threshold value (average normalized conflict degree) 0.273 is shown in Fig-
ure 4. As can be seen in the current situation, we can recognize two coalitions
{az,as,a4,a5},{a1, a6}

P Yy o g
Nk ek
2|
- Mk S
ag 0%@
B ik (o)
ag 0

Table 6. Normalized conflict de- Fig.4. Allied relation for preference-
gree !> = A= =0, \¥ =1, \¥ =2 based conflict situation PS%

The consensus and weak consensus for the set of agents are PCons’,® = () and
WConsy® = (), therefore the quality is equal to PConQ%° = WConQ%* = 0.
As can be seen with the removal of the i3 issue, the agents have such different
preferences that no common view can be found. ‘

For coalition Cy = {ag, as, a4, as}: PConsgf’ = {(i1,42), (i1,45)} and V[/'C’onslcml3
= {(41,12), (i1,74), (41,75)}. Thus, both consensus indicate that issue i; is pre-
ferred over issues i5 and i5. For the weak consensus issue iy is also preferred below
i1. For coalition Cy = {a1,ag}: PConsl} = {(iz,i1), (i5,71)} and WConsl} =
{(i2,%1), (i2,4), (a,%1), (i5,%1), (i5,74) }. The hierarchy of issues is as follows: iy
and i5 are the highest-rated, followed by i4 (weak consensus), with i; being the

least preferred. The average consensus quality is PCoanf’p2 = (22—0+22—0) /2= %

and in the case of weak consensus T/VC'OTLQIC?C2 = (& + 2)/2 = L. This time
also the weak consensus obtained the highest quality when coalitions are con-

sidered. Removing issue i3 improves the quality of consensus compared to when
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issue i; was removed. However, it results in a lower quality of consensus com-
pared to the removal of issue i5. Thus, issue i3 generates fewer conflicts compared
to issue is. Among the three issues analyzed so far, achieving consensus on issue
i emerges as the most crucial, for obtaining good quality consensus.

3.4 Importance of issue i4

Once we remove the i, issue we get the following preference-based conflict situa-
tion PS™ = (A;I't; {=I"" |a € A}), where A = {ay,...,ac}, ["* = {iy,i,13,i5},
and the preference relations are as follows: =1 * = {(i2,41), (i3,1), (i5,41)}, =L' =
{(i,i2), (i1,13), (i1, 35), (i2,3), (i2,35) }, =4, = {(i1,2), (i1,43), (i1,75), (is,i2),
(i5,i3)}, =5, = {(i1,i2), (ir,d3), (i1,i5) }, >~ = {(i1,2), (i1, d3), (i1, 85)}, =8 =
{(i1,13), (i2,11), (2, 13), (i5, 1), (i5, i3) }

Table 7 shows the normalising degree of conflict with A= = 0, \A¥ =1, and
A\” = 2. A graphical representation of allied relation for the threshold value (av-
erage of the normalized conflict degree) 0.227 is shown on Figure 5. We obtained
the same situation as in Figure 4 when we removed the i3 issue — two coalitions
{az2,as3,a4,as5},{a1,as} are identified.

a0 [ E TR T8 [ A

1 202D |30 (20|30

M EIEd Ik

SRR S
ay 0 20|25

ag 0 20 Y

ag 0

Table 7. Normalized conflict de- Fig.5. Allied relation for preference-
gree ¢!’ = A= =0, \¥ =1, \* =2 based conflict situation PS5

The consensus and weak consensus for the set of agents are PC’onst4 =P and
WConsly* = {(i2,i3), (is,i3)} with quality PCQnQ£4 = 0and WConQ4L" = 2.

For coalition Cy = {az,a3,a4,0a5}: PConsIC? = {(41,92), (41,13), (i1,45)} and
WConsgf = {(il, iQ), (il, ig), (il, i5), (’ig, ’ig), (i5, ig)}, il is the highest—rated,
issues — 149,43, and i5 — share the second position for consensus or is is the
least preferred for weak consensus. For coalition Cy = {a1,ag}: PC’ons:IC:L =
{(i27 il), (2‘57 Zl)} and WConsg; = {(iz, ’il), (iz, ig), (2‘57 il), (2‘57 ig)}, ig and i5 are
the highest-rated, followed by ¢; for consensus and i3 for weak consensus. The

average consensus quality is equal PC’oaniC2 = (5 + %)/2 = & and the

quality of weak consensus is I/VC’oaniC2 = (& + 55)/2 = +5. The weak con-
sensus obtained the highest quality when coalitions are considered. The quality
of consensus achieved after removing issue i4 is identical to that obtained after
removing issue i5. Therefore, reaching a consensus on agents’ views regarding

either of these issues is equally important for achieving a high-quality consensus.
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3.5 Importance of issue i5

After removing the i5 issue we get the following preference-based conflict situa-
tion PS% = (A;1%;{~1" |a € A}), where A = {a1,...,a6}, I'> = {iy,i2,13,i4},
and >'£115: {(7;27i1)7 (i37i1)’ (i4ai1)}a >'£;5: {(i17i2)a (ilai?»)v (il,i4), (i27i3)a
(iQ’ i4)}’ >'£;5 = {(7:17 iQ)’ (ih i3)’ (ila Z.4)}7 >'£15 = {(ila i2)7 (ila i3)7 (i4’ i2)7 (i4’ Z'3)}7
mhe = {(i1,i2), (i, 33), (i, ia) }, =40 = {(i1,83), (i, 1), (i2,3), (i2,4a), (ia, i3)}

Due to the page limit, we omit some calculations. For entire set of agents
PCons',® = () and WCons!® = {(iz,i3), (i4,i3)} with quality PConQ%" = 0
and WConQ° = %. For the coalition C; = {a;}, the consensus and the weak
consensus are equal to the agent’s a; preferences. For coalition Cy = {as, a3, as}:
PC’O’I’Lng5 = {(il, ig), (il, ig), (il, 24)} and WConsgj = {(il, ’ig), (il, ig), (’L'l, ’i4),
(i2,143),(i2,14)}. In the consensus, issue i; is the highest-rated, while the other
three issues — io,i3, and iy — share the second position. For the weak consen-
sus the hierarchy of issues is as follows: i; remains the highest-rated, followed
by i2 in second place, with i3 and i4 being the least preferred. For coalition
Cs = {as,aq,a5}: PConsg: = {(i1,42), (41,13)} and WConsg: = {(i1,12),
(i1,43), (41,14), (i4,12), (i4,73)}, i1 remains the highest-rated, followed by i4 in
the second place (in weak consensus), with i and i3 being the least preferred. For
coalition Cy = {az,ag}: PConsl = {(i1,i3), (i2,i3), (i2,i4)} and WConsl =
{(41,13), (i1,14), (i2,13), (i2,14), (i4,43) }, i1 and iy are the highest-rated, followed
by i4, with i3 being the least preferred (in weak consensus). The average con-
sensus quality is equal PC’O?”LQgic%C&C4 = (% + % + % + 2%)/4 = % and the
quality of weak consensus is WConQL’ ¢, cn.c, = (5 + 35 + 35 + 55)/4 = 25
Like before the weak consensus obtained the highest quality when coalitions are
considered. Moreover, reaching consensus on 5 turns out to be just as important
as reaching agreement on i, and i4.

The analysis of the importance of individual issues in achieving consensus
reveals significant differences in their impact on conflict resolution and coalition
formation. Of the issues examined, is, 4, and i5 emerged as the most critical for
achieving high-quality consensus, as their removal resulted in more structured
and higher-quality weak consensus in coalitions. In contrast, ¢; and i3 showed
comparatively lower influence. The results highlight that weak consensus, rather
than strict consensus, tends to yield higher overall quality, especially within
smaller; well-defined coalitions. This emphasizes the importance of addressing
specific high-impact issues to facilitate meaningful agreements in multi-agent
conflict scenarios.

4 Comparisons and discussions

The example presented above illustrates how preference-based conflict situations
can emerge in real-world multi-criteria decision-making processes and highlights
the importance of structured negotiation methods to achieve consensus among
diverse stakeholders. Table 8 provides a concise summary of the results derived
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from the real-world example discussed in the previous section. When considering
consensus for a set of agents A, the most important issue is ¢; — innovation. Re-
moving this issue (achieving agreement on this issue) leads to a consensus of the
form WCons!,' = (ig,i3), (i4,13), (i5,43). This can be interpreted as any of the
three strategic projects ig,i4, or i5 that can be selected for the company’s an-
nual development plan. If consensus can be achieved in coalitions (for example,
implementing an annual development plan across departments), then the most
important issues for achieving good-quality consensus are iy — cost reduction,
14 — marketing expansion, and i5 — sustainability. For example, the best-quality
consensus after removing issue iy is as follows. WConsgf = {(i1,43), (i1,14),
(ilv i5)’ (i4v iS)» (i47 i5)}a Wcon‘sg; = {(ilv i3)» (ilv i4)» (ilv i5)v (i57 i3)v (i57 i4)}’
WOOTLSg; = {(il,ig), (7:171'4), (i4,i3), (i5,i3), (i5,i4)}, WConsgj = {(ig,il),
(4,41), (i5,41)}. Which means that in departments supervised by managers
{az,a4,a5} annual development plan i; should be chosen; in departments su-
pervised by managers {as, a3, a5} also development plan i; should be chosen;
in departments supervised by managers {a3, as} development plan i; or i5 can
be chosen; in departments supervised by manager {a;} any other than i; plan
can be selected. Analyzing conflict degrees before and after attribute removal re-

Removed Quality of consensus
insue
i PCon@Ll™t — 0, wcon@L't —0.15, PCon@L! — 0.0625, WConQLt —0.175
1 A~ A T C1,C9,C3,C4 — " > C1,C2,C3,C4 —
i PCon@Ll? — 0, wcon@l'?2 = 0.1, PCon@l)? — 0.1375, WConQL? —0.225
2 A » A > C1,C5,C3,Cy > C1,C2,C3,Cy
i PCon@Ll3 — 0, wcon@L'® =0, PCon@Ll!3 | — 0.1, weon@Ll® | —o0.2
3 A ’ A ’ C1,C2 = C1.C2 :
) 71 71 i1 2
is PCoan =o, Wcoan =o0.1, PC’onQélycz = 0.125, WConQIclycz = 0.225
; c I*5 _ c I'5 _ c 1°5 — c 1'5 =
is PCon@l® =0, Woon@l® = 0.1, PCon@[5 o o o = 01875, WCon@[S o o =022

Table 8. Comparison of consensus quality

veals key trends. Removing i1 and i3 generally reduces conflict, especially within
smaller coalitions, but can increase fragmentation in outlier groups (e.g., a; and
ag). Removing is, i4, or i5 results in better alignment among coalitions, high-
lighting these as critical issues for achieving broader consensus. This comparison
emphasizes the need to focus on attributes that significantly reduce overall con-
flict when removed, such as iy, while carefully managing attributes that stabilize
key outliers, such as i;. The presented method for assessing the importance of
individual issues in achieving consensus demonstrates a structured and system-
atic approach to navigate preference-based conflict situations. The results show
that weak consensus, compared to strict consensus, often yields higher-quality
outcomes, particularly within smaller, well-defined coalitions. This emphasizes
the importance of focusing negotiation efforts on resolving critical issues first,
because eliminating or resolving them significantly improves the overall quality
of consensus and reduces the intensity of the conflict.
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Conclusion

This study introduces a structured method to identify critical issues in preference-
based conflicts, enabling high-quality consensus in multi-criteria decision-making.
By analyzing how removing individual issues impacts consensus quality across
entire groups and coalitions, the approach pinpoints key issues driving consen-
sus outcomes. A real-world case study demonstrates its effectiveness in guiding
decision-makers to prioritize negotiations, reduce conflict, and improve agree-
ment quality in complex multi-agent scenarios. Future work will extend the
method to diverse negotiation contexts.
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