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Abstract. With serious aging, the aging transformation of older communities is
important. To meet the needs of a larger number of residents, large-scale group
decision-making (LSGDM) can be used to find the most appropriate transfor-
mation alternative. This paper aims to construct an LSGDM model based on
trust propagation and conflict detection and elimination. The model takes into
account the social relationships of community residents. Additionally, it can de-
tect conflicts of opinions of decision-makers in the alternative selection and
eliminate them. The model is simple and easy to implement, and it can be easily
applied in real life. This LSGDM model can be feasibly applied to practical
scenarios. Thus, the model applies to the aging transformation of old communi-
ties. The research results can also be used as a reference for similar decisions.

Keywords: Large-scale group decision-making; Old communities; aging trans-
formation; Alternative selection; Trust propagation.

1 Introduction

With serious aging, the value of the aging transformation of old communities has
become more prominent. As a project related to people's livelihood, the renovation of
public space in old communities aims to meet the interests of community owners!l.

The selection of aging transformation alternatives for older communities is a group
decision-making issue. The complex backgrounds of decision-makers, their lack of
professionalism and their diverse wishes are important constraints affecting the deci-
sion. Various places have successively launched consultation and discussion plat-
forms such as a 'residents' meeting room'. It is hoped that such platforms can achieve
the purpose of resolving contradictions and promoting consensus. Although the plat-
forms above have obtained certain results, they are time-consuming and labour-
intensive, and it is difficult to achieve a comprehensive consideration. This paper
aims to establish a large-scale group decision-making (LSGDM) model that is suita-
ble for the selection of aging transformation alternatives based on the characteristics
above. This model can maximise the personal interests of community residents.
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LSGDM refers to the selection of the best option from several alternatives based
on the preferences of a large number of decision-makers. In general, when the number
of decision-makers involved in the decision is greater than or equal to 20, the decision
is called a large-scale group decision!?!. Usually, LSGDM is a complex scenario with
a large number of decision-makers and many opinions on decisions. Therefore, re-
search on consensus models and methods is constantly being updated. In traditional
LSGDM, the decision-makers are experts with a professional knowledge back-
ground®*.. They all have fixed evaluation indicators, and this method is generally
widely used in large projects. In daily life, there are increasingly more scenarios
where LSGDM is applied. But for the general public, the inherent decision-making
framework does not apply. An LSGDM model applicable to the public can be con-
structed®. At the same time, decision-makers are easily influenced by other decision-
makers, especially those with close social ties. Scholars have applied the social rela-
tionships among decision-makers to study group decision-making!®-1l,

This paper aims to establish an LSGDM model based on trust propagation and con-
flict elimination. It will be applied to the selection of community aging transformation
alternatives. It can obtain reasonable group decision results, and it also provides a
reference for research on similar decision-making problems.

2 Analysis of decision-making mechanisms

2.1 Decision-making research ideas

The choice of an aging transformation alternative involves the interests of all commu-
nity residents. The number of residents, who are decision-makers, is large, and they
have many opinions. To address residents' ideas, this paper aims to develop an
LSGDM model based on trust propagation and conflict detection and elimination for
the selection of aging transformation alternatives in old communities.

The LSGDM model constructed in this paper consists of three main parts: trust
network construction and improvement, decision conflict detection and elimination,
and alternative selection. These parts are shown in Figure 1.

Building a
Initial Trust Network e : . Trustoctwork st matrix
Establishm ent KHSK SEOPREMACK) improvement and spreading
trust

Progrmmme evaluation e Trusted Conflict
Lo relationsliips Resolution
Conflict
detection and
deconfliction
Degres of discard

Group Decision Group
Matrix i

Decision
Conflict level PR

Final Group Decision Gronp Evaluation
e ot E - i ey >  Progrmmme results

Fig. 1. Large-scale group decision-making model



Research on a decision-making method for aging transformation alternatives 627

2.2 Model construction

2.2.1 Construction and improvement of trust networks

The decision-makers in the community aging transformation decision-making pro-
cess are not independent of each other. There is a complex network of social relation-
ships between them. Decision-makers with strong social ties trust each other and
share information about their preferences and willingness to make choices. In con-
trast, socially distant decision-makers lack trust and are isolated from each other.
They may even have antagonistic social relationships, which can lead to conflicting
decisions. Therefore, there is a need to categorise the social networks and trust rela-
tionships between decision-makers.

First, an initial trust matrix is built. In this process, the assessment values of mutual
trust ti; between decision-makers are obtained. At the same time, decision-makers are
classified. Subsequently, trust propagation is performed for missing trust relationships
in incomplete social networks. The trust matrix is eventually refined.

(1) Trust network construction

First, the initial trust matrix is created to assess the social relationships and trust
between decision-makers. The values ti; of the trust of each decision-maker e; in other
decision-makers are shown in Table 1.

Table 1. Annotation table of symbols related to the trust value

Symbols Numerical values Meaning
Tij=1 ei fully trusts e;
Tij =0 ei does not trust e; at all

Trust value tij L . .
N 0<tj<1 indicates that the value of trust of ei in ¢; is

within a certain range
There are a large number of decision-makers in the LSGDM problem of communi-
ty aging transformation. Decision-makers are often unable to make an accurate as-
sessment of the trust value of unfamiliar decision-makers.
An initial matrix A can be applied to represent incomplete social relationships in a
social network. Each decision-maker provides information on the trust assessment of
only the decision-makers whom they know. This is shown in matrix (1).

1tz tis (1)

(2) Trust propagation and the improvement of trust networks

In social networks, information is transferable. Thus, trust can be propagated
through one or more intermediaries. In this paper, the unknown trust between deci-
sion-makers is calculated using a method related to tandem trust propagation and
parallel trust propagation'!. A complete trust matrix is thus obtained.

1) Serial trust propagation.

If there is only one propagation chain between decision-makers e and eg, this is
tandem trust propagation. Then, the formula is as follows:
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D
t'ap=(t,iXtii:X Xt 1, B)X : (2)

max

where ta ;i represents the value of direct trust between decision-makers e and e;.
D4 represents the path length of the target node. Dmax is the longest path in the social
network.

2) Parallel trust propagation

If there are multiple propagation chains between decision-makers ea and eg, this is
parallel trust propagation. We classify decision-makers into three categories based on
their tolerance for risk: risk-averse, neutral and risk-taking.

Based on trust propagation, indirect trust relationships between decision-makers in
community aging transformation can be obtained, yielding a complete trust matrix B.

2.2.2 Decision conflict elimination

The decision-makers in community aging transformations are the residents of the
community. Decision-makers usually evaluate the options differently in large group
decision-making situations. These different evaluations create conflicts between deci-
sion-makers. Moreover, when decision-makers are in social networks, their relation-
ships can exacerbate or mitigate the differences in information previously obtained
from assessments. Therefore, conflicts must be detected and eliminated before the
choice of option is made.

(1) Decision conflict detection

First, a decision-maker needs to evaluate the alternatives. When the decision-maker
evaluates the alternatives, an intuitionistic fuzzy set is used to represent them. This set
is an appropriate representation of the degree of uncertainty of the decision-maker
regarding the information to be evaluated.

Let X be a non-empty set; then, the intuitionistic fuzzy set A regarding X can be
expressed as follows:

A = {<x, pa (x), va (x)>] xe X} 3)

We denote the set of decision-makers' evaluation information for alternatives as the
vector D; = {d, d, ..., dn }.

D= {(aivl) (i), (a1 12 m) @

Based on the evaluation information of all decision-makers, the following group
decision matrix (D) is obtained.

We define the similarity of preference for evaluation information between a pair of
decision-makers ¢; and e; as the degree of similarity , as shown in formula (5):

81 =1== 3 - ]+t vl )
e

Furthermore, when decision-makers are in a social network, the social relationship
between them can exacerbate or mitigate the differences in the calculated evaluation
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information. That is, when there is a certain assessment discrepancy between deci-
sion-makers e; and e;, e; is more likely to conflict with e; if e; does not trust e;. There-
fore, the degree of discord cij between the two decision-makers e; and e; is defined as
follows:

ci=0ix(1—t;) (6)

A reasonable threshold 6 (0 < 0 < 1) is set to determine whether there is a conflict
between two decision-makers. Set the matrix Cq to make the judgement. Based on Co,
a conflict network can be constructed. There are directed edges in the network from e;
to ;. And then we can calculate the in-degree and out-degree.

(2) Decision conflict elimination

When we detect a conflict among decision-makers in community aging transfor-
mation, it needs to be eliminated.

We define the degree of conflict Q for decision-makers as follows:

O Li+ O (7)

1 2m

Parameter p is introduced to describe the degree of consensus among community
residents in a social network under conflict, and it is defined as the conflict density in
a group. Therefore, to identify the decision-maker ey with the highest degree of con-
flict, where Qk=max {Q,, Q,,...,Qn}, this decision-maker’s evaluation information
on alternatives should be revised under the guidance of the moderator.

The revised assessment information for ey can be expressed as follows:

D' :{<ﬂl”‘,vl’">,<y;,v2>, ,<,u,',',vf1v>},(lﬁi£m) (®)

2.2.3 Group decision option selection

Alternative selection refers to deciding on the most suitable alternative from the
existing alternatives. Based on the final degree of conflict obtained by the process
above, the final group decision matrix can be obtained. Subsequently, decision-maker
weights are calculated, and the assessment information for alternative X; is aggregated
into a group assessment. Finally, the scores of the alternatives can be obtained, and
these scores are ranked to obtain the final choice.

Based on the trust propagation and conflict elimination process, the final swarm
decision matrix is expressed as follows:

(o) () )

D=(D",D:", ,Dn")=
(wov) ()

According to section 2.2.2, the degree of conflict of each decision-maker can be
calculated with the degree of conflict Q = {Q,, Q»,..., Qn }. Additionally, based on
their degree of conflict Qi, we can get the weights of the decision-makers .
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Based on the decision-maker weights calculated above, we aggregate the evalua-
tion information of alternative X; into a group evaluation:

Di=IFWA(D!, D/ )=1-]]a-u"H".JTv/") (10)
j=1 j=1
Where Di =<y, vi> denotes the group evaluation of alternative X;. Using the score
function for intuitionistic fuzzy sets, we obtain the scores for the alternatives:

Si = HUi—Vi (11)

Finally, the scores of the alternatives can be obtained, and these scores are ranked
to obtain the final choice.

3 Model application

3.1 Large-scale group decision-making scenarios

A community completed in 2000 was chosen as a case study for this paper. With the
passage of time, the community now has a majority of middle-aged and elderly peo-
ple. Furthermore, many children of the elderly residents have moved away; thus, there
are a large number of empty nesters in the community.

The owners' committee of the community decided to carry out an aging transfor-
mation of the community to create an "age-friendly community". In this way, the
living happiness of the elderly residents can be improved, and their children can be
more at ease.

The owners' committee of the community presented three options to choose from: a
community health care centre (X,), a senior citizens' canteen (X;) and a community
senior citizens' activity centre (X3). And the owners' committee of the community
intended to choose one of the programmes for priority construction. Twenty house-
holds were randomly selected in the community, and one member from each house-
hold was chosen as the decision-maker to conduct an opinion survey on the three
alternatives.

The four groups of decision-makers selected include young people living with el-
derly residents, young people who do not live with elderly residents, empty nesters,
and elderly people living with their children.

3.2  Large-scale swarm decision-making application process

3.2.1 Trust network construction and improvement

First, the relationships between the 20 residents are represented by a network dia-
gram. At the same time, the category of these decision-makers is displayed in terms of
the association relationships between them.

The trust relationships among decision-makers are the foundation of LSGDM pro-
cesses. We need to score the values of trust between residents. The initial trust matrix
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is obtained by scoring the trust values of the 20 residents with reference to the rating
scale above. Through the relationships between residents and the process of trust
propagation, the missing values of indirect trust between them can be obtained. On
this basis, we can obtain the complete trust value among the residents and finally
obtain the complete trust matrix. The complete trust matrix is the basis for subsequent
conflict elimination.

3.2.2 Decision conflict elimination

(1) First, 20 residents were asked to evaluate the alternatives, and intuitionistic
fuzzy sets were used to represent each resident's evaluation of each alternative. We
can get the values of the assessments of the three alternatives made by the 20 deci-
sion-makers in the community, and it shows that there are differences in the results of
the residents' evaluations of the alternatives. For the same type of residents, the differ-
ences between the assessment scores of the alternatives are small, while for different
types of residents, the differences between the assessment scores of the alternatives
are large.

(2) The degree of similarity 6 between decision-makers and the degree of discord ¢
are derived.

We calculated the degree of similarity and dissonance for 20 decision-makers. The
calculation shows that the degree of similarity between decision-makers belonging to
the same category is high, and the degree of dissonance is low. Additionally, the simi-
larity between different types of decision-makers is low, and the degree of dissonance
is high.

As this decision event involves 20 decision-makers, there are 380 valid values of
dissonance, with a degree of dissonance c; ranging from 0 to 0.82. Relatively low
degrees of dissonance among decision-makers have less impact on the decision-
making process. In this example, we consider keeping one-half of conflicting infor-
mation, and we follow the supermajority rule. In calculating the degree of dissonance
between individual decision-makers, we conclude that there are 189 decision-makers
with a degree of dissonance of no less than 0.38, which is close to one half. Therefore,
we choose 0.38 as the value of the threshold 6 in the numerical example. On this ba-
sis, conflict network Cy can be obtained.

Based on the direction of trust between residents, by calculating their in-degree and
out-degree, the degree of conflict Q can be obtained. It can be calculated that es, e,
e19 and ey have relatively high levels of conflict, while es, e9, €13, and ¢;7 have rela-
tively low levels of conflict. The next step is the elimination of conflicts.

(3) Assuming that the threshold value ® of conflict density is 0.3, the conflict den-
sity p obtained from the degree of conflict above is 0.3475; thus, p>®. This shows
that the overall degree of conflict among residents is relatively large and needs to be
eliminated. The assessment information for decision makers with high levels of con-
flict should be revised under the guidance of the facilitator.

After modification, a new degree of conflict can be obtained:

0'={0.35, 0.35, 0.225, 0.325, 0.2, 0.2, 0.375, 0.375, 0.25, 0.225, 0.35, 0.35, 0.3,
0.375, 0.325, 0.325, 0.25, 0.375, 0.25, 0.225}.
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The value of the modified collision density p is 0.3, which is equal to the threshold.
Thus, the subsequent scheme selection process can be performed.

3.2.3 Group decision option selection

From the degree of conflict of residents, the weight value o for each resident in the
choice of options can be derived. Based on the weight value, the group evaluation
value of each alternative can be obtained:

d; =<0.55,0.34>, d, =<0.51,0.38>, d; =<0.56,0.31>
The final alternative is scored as follows:
s1 =0.20, s, =0.13, s3 =0.25

The results of the alternatives are ordered as follows: s3 >s; >s,.Therefore, the es-
tablishment of a community elderly activity centre X3 is the final choice for this
LSGDM problem.

3.2.4 Comparison of methods

The validity of this paper's methodology has been verified through comparative
analysis with two other types of decision-making methods (as shown in Table 2).

The first approach is an LSGDM approach that considers trust risk in social net-
works. The second approach is an LSGDM approach based on this paper's conflict
elimination but without considering social and trust relationships.

Table 2. Comparison of the results of this method with those of other methods

Methods Programme prioritisation
Method 1 X3>X1>X2
Method 2 X1>X5>Xo
Method of this paper X3>X1>X2

Comparing the method of this paper with method 1, the order X3>X;>X, is the
same, indicating that the model established in this paper is feasible. In this paper, we
analyse the social relationships of decision-makers and take into account the trust
relationships between them when making decisions on solutions to obtain more accu-
rate decisions. Comparing the method of this paper with method 2, the order of X;
and X3 is different. The main reason is that method 2 does not consider social rela-
tionships. In the actual decision-making process, the mutual trust relationships be-
tween decision-makers will have a greater impact on the results.

In summary, the approach proposed in this paper is feasible. Therefore, the pro-
posed method is applied to the selection of community aging transformation alterna-
tives, demonstrating the effectiveness and practicality of the solution.
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4 Conclusion

The selection of aging transformation alternatives for old communities involves a
large number of residents, whose opinions are complex and diverse, making it diffi-
cult to make quick decisions. This paper uses the LSGDM method to solve this prob-
lem. The main findings are as follows: (1) An LSGDM model based on trust propaga-
tion and conflict elimination is constructed for the aging transformation of old com-
munities. Finally, a suitable alternative can be selected. (2) The effectiveness of the
method in a real-world problem is demonstrated. After a series of calculations, the
model can derive the weight of each decision-maker in the decision-making process
and the overall score of the decision-maker for each option. Ultimately, the alternative
with the highest score, that is, establishing a community elderly activity centre first,
can be obtained. This result shows that elderly residents have a greater demand for
activities, and future research on aging-appropriate transformation can be further con-
ducted from this perspective.

This paper establishes an LSGDM model based on trust propagation and conflict
elimination to solve the alternative selection problem of aging transformation in old
communities. It can improve solution efficiency, take into account the interests of
most residents, and satisfy the rights of community residents as community subjects.
The research results can provide a reference for similar decisions. Notably, this paper
considers only their degree of association and trust when analysing the social relations
of community residents. Next, we will examine in more depth the impact of residents’
and social connections on decision-making consensus. Furthermore, the number of
data collected in this paper is not large enough, and the scope is not comprehensive
enough. This problem needs to be addressed in future research.
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