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Abstract. Nowadays, companies to be competitive must develop capabilities that enable
them to respond quickly to market needs. According to some managers, the strategy is the
development of dynamic logistics networks based on a collaborative environment.
However, the absence of mechanisms to detect and even anticipate potential opportunistic
behaviour is an obstacle to the proliferation of this way of working. The article aims to
understand the role of trust to sustainability of collaborative processes. The paper begins
by discussing the trust properties. It is then discussed how statistical control charts can be
used to support the trust monitoring of each member within a collaborative ecosystem. The
control charts’ tools suggested in this paper are the Z control charts for trust level
monitoring and the Zi capacity index. Finally, it is discussed how this approach can be
applied to dynamic logistics networks within the context of a collaborative ecosystem.
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1. Introduction

Nowadays, in order to strengthen competitiveness, companies have to start learning to
join forces in certain areas or competencies, and may wish to follow different paths in
others, through the dynamization of intercompany relationships, giving rise to
organizational models based on collaboration networks between companies [1].

With the rapid development of the technologies associated with the industrial
revolution 4.0, in particular the information technologies and technologies associated
with the Internet of Things (IoT), some authors defend the sustainability of new models
which led to a proliferation of new designations such as the notion of virtual company
/ virtual organization, collaborative supply chain, Dynamic Supply Chain, Lean Supply
Chain, among others [2 -4]. Thus, the concept of dynamic logistics network should not
be interpreted as a totally new model of cooperation, but as a process of evolution of
traditional logistics networks, induced by the development of technology. The concept
of dynamic logistics network is related to a temporary network of companies, which is
quickly formed to exploit a business opportunity in response to a market request and
dissolves when its initial mission is achieved.

However, the relationships established between companies in a logistics network
are not only relationships of buying and selling products or services, such as buying a
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book through a web page. A company is more than a set of products and services, these
involve facets of a nature as diverse as cultural, legal, technological, organizational,
geographic, economic, strategic, among others [5-6].

Therefore, only having sufficiently consolidated knowledge can be implemented a
set of principles and mechanisms that allow the sustainability of these new management
models.

Thus, this article aims to contribute to characterize some of the relevant aspects that
are the origin of the sustainability of dynamic logistics networks, seeking to find
answers to the following questions:

* What is meant by the expression "the Enterprise E; trusts Enterprise E;?
» What is the advantages of using statistical control charts for monitoring and
control the trust levels of each of the dynamic logistics network members?

The paper is organized as follows. Section 2 describes the characteristics associated
with trust. Section 3 presents a trust model for dynamic logistics networks. Section 4
presents some background about statistics process control needed to understand the
authors’ proposed approach. A case study is included in Section 5 to illustrate the
application of the approach presented in the paper. Section 6 includes some concluding
remarks.

2. Trust Properties

Based on the literature [7-10] can be identified a set of characteristics that are associated
to trust, as following:

o Subjectivity — Trust reflects a subjective assessment of one enterprise in relation
to other enterprises since different enterprises can assign different trust values to
the same enterprise.

¢ Reduction of complexity — Under certain conditions trust can act as a mechanism
to make processes more agile.

e Specific domain — The trust value is valid only in a specific domain. For each
context under analysis, a trust value might be assigned to an enterprise. This means
that an enterprise might have multiple trust values. As an example, the enterprise
E; trust on the enterprise E; for the maintenance of an equipment but does not trust
on its production capacity.

e Existence of memory — Various enterprises are able to identify past interactions in
identical contexts with the same enterprises.

e Measurable — Trust can be measured through a scale where its limits are between
total trust and total mistrust.

e Dynamics — The value of trust is dynamic and can increase or decrease. Its value
depends on satisfaction degree resulting from past interactions among various
enterprises.

e Nontransitive vs transitive — Trust itself is not transitive. As an example, if an
enterprise E; trust on an enterprise E; and an enterprise E; trust on an enterprise Ej,
it is not mandatory that the enterprise E; has to trust on the enterprise Ej.



Control Charts to Support Trust Monitoring in Dynamic Logistics Networks 485

However, if we admit that enterprises can make recommendations to other
enterprises, then, through a recommendation mechanism, trust becomes transitive
provided that the following conditions are met:

o The enterprise E; explicit (recommend) the enterprise E; that trust in the enterprise
Ey.

o The enterprise E; trust on the reccommendations of enterprise E; .

e The enterprise E; have the possibility to evaluate the recommendations issued by
the enterprise E; without being subject to any kind of commitment.

3. Trust Model for Dynamic Logistics Networks

Considering that a dynamic logistics network can be understood as a cooperative
process where the relations that are established are structured around social exchanges
between the various agents (company - company relationship), which translate into
transfer of resources, money flows, time, emotions, expectations and many other
motivating elements, with the purpose of each of the enterprises seeking to achieve
their business and / or social goals. Therefore, an enterprise only delegates a task to
another enterprise when there is a trust threshold that compensates the risks.

Thus, in the proposed approach, the evaluation of the trust level of an enterprise Ej is a
function of the following dimensions:

e Competencies — The enterprise E; believes that the enterprise E; has the
knowledge and technology necessary to produce a certain expected result that will
play a determining role in the success of its objective.

e Capability — The enterprise E; believes that the enterprise E; has the necessary
resources to ensure that a given result is achieved according to the specifications
defined.

* Resilience — The enterprise E; believes that the enterprise E; has robust processes
and redundant resources that ensure the production of a given result even if a set
of unforeseeable events occur.

If TEij,taskm is designated as the enterprise trust value E; to perform a task task,, it

follows that:
TEl.j‘taski = CEU. (task,,) % CAPEU. (task,,) % REij(taskm) (1

where:

TEL.].,mskm - value associated with the trust assessment of the enterprise E; to perform a

task,,; this value belongs to the range [0; 1].
CEi].(taskm)— value associated with the competencies evaluation of the enterprise Ej

involved in carrying out the task task,,; this value belongs to the range [0; 1].
CAPEL.]. (tasky,) - value associated with the resources evaluation of the enterprise E;

involved in carrying out the task task,,; this value belongs to the range [0; 1].
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R Eij (task,,) - value associated with the resilience evaluation of the enterprise E; based

on the processes and resources involved in carrying out the task task,,; this value
belongs to the range [0; 1].

However, the existence of a positive trust value may not be sufficient for a given
enterprise to trust on another enterprise to perform a particular task. Generally speaking,
an enterprise E; with a task task,, to carry out, can take one of the following options:

*  Seek to accomplish the task by itself;

* Delegate to another enterprise E; the implementation of the task through a
cooperation mechanism;

* Do nothing and give up the task.

In order to establish a logistics process between two enterprises it is necessary that there
is a trust value that is acceptable to the enterprise that trust. Therefore, the following
rule can be defined: When the trust value of an enterprise exceeds the Minimum Trust
Value to Cooperate (MTVC), then the enterprise E; can delegate on the enterprise Ej
the execution of the task task,,.

Thus, the MTVC will play a role similar to the concept of lower specification limit
(LSL) used in statistical quality control.
Although the determination of the minimum trust value is a subjective measure, in order
to determine it, the following aspects must be taken into account:

e The enterprises, when they trust, delegate to another enterprise the performance
of a certain task in order to seek to maximize their utility. The utility seeks to
quantify in units of "useful" the gains that an enterprise E; obtain by performing a
certain task task,, . Thus, the utility of an enterprise E; in the performance of a
task task, in a certain time instant 7 is represented by Ug, (tasky, ) . On the other
hand, by normalizing utility values, these may vary in the range comprised
between 0 and 10.

e Due to the difficulty in evaluating the impact of a task task,,, the term importance
should be considered, since the scenario in which there is a task with great utility
and of reduced importance is equivalent to the scenario of a task with a reduced
utility and of great importance. This variable play two distinct but complementary
roles. In the first place, importance seeks to quantify in a subjective way the
multiplier effect of the expected gains resulting from the performance of a certain
task. In the meantime, the importance reflects the possibility that an enterprise can
change its preferences according to the market changes that may occur. That is,
for an enterprise E; the accomplishment of a task task,, in the past could be of
high importance while its realization in the present may be of minor importance.
The importance of performing a task task,, to an enterprise E; at a given time ¢ is
represented by I, (tasky,);. On the other hand, by normalizing the importance
values, these can vary in the range between 0 and 10.

In this context, the MTVC in the performance of a task will depend on the level of
benefit associated with the task, that is, on the positive impact for an enterprise resulting
from the accomplishment of a task, for the enterprise itself (self-benefit), or for another
agent (benefit received), which can be measured in quantitative terms [11]. The
quantification of benefits is given by the following equation:
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Bg,(tasky,), = Ug,(taskn)s X Ig,(task;,); (2)
where:

B, (task,,).- value of the Benefit associated with the enterprise E; resulting from the
task task,,

U, (task.,).- value of Utility for enterprise E; associated with the task task,,
I, (tasky,) .- Importance level of task task,, for the enterprise E;

Therefore, using the decision theory, the options described above can be represented in
a decision tree as shown in Figure 1. For the sake of simplicity and because of the option
to do nothing and give up the task not be relevant to the analysis concerned, this option
will not be considered.

BEi (taSkm)?-

BEi (taskp)r

BEi (task,,)&

BEi (taSkm);

Figure 1 — Decision Tree

Where:
BEl.(taskm)l-+ - benefit value of the enterprise E; successful in accomplishing the task

task,, ;
B, (task.,); - benefit value of the enterprise E; having failed to perform the task
task,, ;
BEi(taskm)Z- benefit value of the enterprise E; to be entrusted to complete the task

task,, , to another enterprise and the enterprise performed the task successfully;
B, (task,,): - benefit value of the enterprise E; to be entrusted to complete the task

task,,, to another enterprise and this made the task unsuccessful.

Thus, an enterprise E; should only entrust the performance of a task to another
enterprise E; when:

TEL-, Ejtaskm X BEi(taSkm); + (1 - TEi, Ej,taskm) X BEi(taSkm); = TEl-, Ejtaskm X
B, (taskn){ + (1 = Tg, 5, tasky,) X B, (taskm); 3)

Then:

Te, B taskm = Ty Eytasky X A+ B 4)
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where:
_ BEi(taskm)'i"—BEi(taskm)i_ (5)
BEi(taskm)Z—BEi(taskm)E
B = BEi(taskm)i_—BEi(taskm); (6)

- BEL.(I:askm)}L ~Bg,(taskm);

Tg, E,tasky, - defines the self-trust that the enterprise E; has in the accomplishment of
the task task,,.

In the case where the enterprise E; is not able to perform the task task,,, except through

a cooperative process, where the value of self-trust is null, Ty, g, task,, = 0. Then, the

MTVC is given as follows:

_ BEi(fGSkm)E
BEi(taskm)g'—BEi(taskm);

TEi, Ejtaskm > (7)
As can be seen, the MTVC not only varies from enterprise to enterprise, as for the same
enterprise, this value may vary depending on the task to be performed. For example,
one of the factors that causes changes in the determination of the MTVC) is the
relationship between By, (tasky,){ and Bg, (task,,); . Therefore, the greater the value
associated with failure B, (task,,); the bigger is the MTVC. In cases where the
MTVC assumes a negative value, it means that trust is not a factor to be considered in
the cooperation process.

4. Statistical Process Control (SPC)

All companies aim at the full satisfaction of their customers. This goal is achieved by
increasing levels of trust between companies and their customers or business partners.
Statistical methods play a key role in quality assessment, allowing, among other
aspects, to evaluate whether a particular variable (product / service, process or other)
completely satisfies the explicit needs, usually defined by a specification.

Statistical charts are valuable tools since they allow to distinguish between special
causes and common causes of variation. The first developments were made by
Shewhart [12]. However, in order to meet the demands of today's world, several authors
have been developing various types of charts [13]. When it is possible to conveniently
estimate the process parameters, SPC is developed in two stages, Phase I and Phase I1.
In this context, the following methodology is suggested:

Phase 1

Taking into account the literature in this phase, the Shewhart chart is most appropriate
for each product/service or characteristic [13-14]. The upper control limit (UCL) and
the lower control limit (LCL) of these charts, as well as the central line (CL), are
determined through the formulas presented in Table 1.
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In the equations in Table 1 it is considered: X - average of the samples means; R —
average of the range samples; S — average of the samples standard deviations; MR -
average of the moving ranges; being A4,, A3, B3, By, D3, D, constants that depend on the

sample size.

Table 1 — Control limits of Shewhart charts, in Phase 1 of SPC

Chart

LCL CL UCL
)_( (sample mean) Y—AZE ou )_(—A3§ 7 X-I—AZR ou Y+A3§
R (sample 5 —= =
range) D;R R D4R
S (sample standard < =
deviation) B;S 5 B4S
MR (moving range) D; MR MR D, MR

Phase 2 - Monitoring

After checking the stability and analysing the process capacity, in Phase 1 of the SPC,
statistical process control is continued through its monitoring. This procedure is
commonly referred to as SPC Phase 2. It follows, in this Phase, the application of the

control charts Z and W, based on statistics Z and W calculated from statistics X (or X)
and S (or R, or MR), respectively. Shown in Table 2 are the transformed Z and W for
the different charts. The control limits of the charts Z and W are shown in Table 3.

Table 2 — Statistics of Z and W charts

Zg and W; Chart

Zz and Wy Chart

Zz and Wyp Chart

(Z);, = (X_"G; ”)E.

)

(Zp);, = (g(; “)E_

(), = (7570,

W), =

%)
j R /g,

MR,

), = (57),

In the equations in Table 2 it is considered:(X_p)E_ - sample trust mean p for enterprise
J

E;; Hg— trust mean relative to domain X for enterprise E;; (o) Ej - standard deviation

of the sample trust means distribution for enterprise Ej; (SP)E_ — sample standard
j

deviation of the trust p for enterprise Ej; (Rp)E_ — sample range of the trust p for
j

enterprise Ej ; (MRP)E_ — moving range of the trust p for enterprise E; ;
j
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Table 3: Limits of control and centreline for Z and W charts

Zz and Wy Chart Zg and Wy Chart Zg and Wy Chart
%% W, ‘% We Zx Wir
UCL 3 B, 3 D, 3 D,
CL 0 1 0 1 0 1
LCL -3 B, -3 D, -3 D;

A relevant issue in the study of process performance in SPC Phase 2 is the definition
of the periodicity of process capability analysis. Thus, it is suggested that this be done

in real time, based on two normalized indexes Z, and ZU [14].

The analysis of the charts should reveal processes under statistical control, i.e. subject
only to common causes of variation. The interpretation of Shewhart's charts is based on
the existence of any non-random patterns, which may be detected by Norma ISO
8258:1991.

S. Potential Application

To illustrate the applicability of this methodology it is considered that there is a cluster
of companies made up of four independent companies. Figure 2 shows the hypothetical
matrix of competences.

Cl1 C2 C3
E X
E> X
Es X X
Es4 X X

Figure 2 — Competencies matrix

It is considered that, at a given moment, a customer Cl; contact the company E; for the
production of several units of the product P.
According to the planning carried out by the company E; for the production of the
product P the following competences are required:
P=C+C, +G; ®)
For the sake of simplification, it is not considered the possibility of another alternative

process, which, using other competences, would also allow obtaining the product P
with the same characteristics / functionalities.

Taking into account the defined context, the company E; will take a set of decisions

and define the MTVC for each competency and for each of the companies, as shown in
Figure 3.
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MTVC
Competencies Decision E, E; E,
Cl1 Use internal resources - - -
@ Need for cooperati(c))tr)lj iziii,lz; compromise other 0.6 0.7
C3 Need for cooperation by not having C3 0,5 0,6

Figure 3 — Decisions of company E,

In view of the decisions taken, the company E;, recognizing the need for cooperation,

announces, within the cluster, its needs in the competencies C2 and C3.
In order to select, at each moment, the best solution, i.e., the company that offers the
best collaborative guarantees to the company Eq, the values of the level of trust that

each company presented for the competences enunciated, C2 and C3 were determined
during 15 periods. Considering the prior knowledge of trust of the companies E>, E3
and Ey (i.e., the mean value and the dispersion value of each company for competencies
C2 and C3, estimated values in the preliminary phase (Phase 1) of the statistical analysis
of companies’ processes) and based on the values of business trust at each moment, Z
control charts were built to monitor the level of trust and performance of companies.
The statistics that allow the construction of the charts are determined by the equations
presented in Table 2.

These charts allow monitoring the trust level of companies in relation to
competencies C2 and C3. This monitoring consists of verifying the stability of the
processes (checking whether the standard of competence trust level is random) and
detecting the existence of anomalous situations, characterized by values of the Z
statistic that correspond to points outside the control limits of the chart. In addition, it

was calculated the capability indices Z, . This indicator, for a given competence (C2
and C3), gives indication of the suitability of each company to satisfy the minimum
required level of trust.

The decision on the choice of the company to cooperate with the company Ej, for
the period p +1, is taken on the basis of the information in the period p. The following
criteria are established for the selection of the company that will collaborate with the
company E;:

1. Choose the company that has the highest absolute value of Z;.
2. When the standard of trust of an enterprise presents special causes of variation

(outside statistical control), it should not be selected for the next two instants
(instants p+/ and p+2).

Figure 4 shows the trust monitoring of companies E5 and E4 for the competence C2.
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Competence C2
4
1 '\ A Ne » ) -
g 5l : ¢ :
3 — ~
4 A4 4 AL 4 PR SV SSNOR NN SO S - S S
518
6
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time n°
[ =t —- - =—uc —e—1z(E3 B Zi(E3) —e—Z(E4 7€) |

Figure 4 — Capability monitoring and analysis for the competence C2 of companies

E3 and E4

The analysis of Figure 4 leads to the following conclusions:

Initially one should invest in partnership with the company E3 (better value of
Z, ), up to period 7 (1° criterion);

For the company E3, there are special causes in period 7 and period 8; thus, one
should opt for the partnership with the company E, for periods 8, 9 and 10 (2°

criterion).
From the 11th period, since the company E3 has a better value of Z than the

company £, one should opt for the partnership with the company E; .
To register a special cause in period 14, referring to the company £,, which does

not influence the decision due to better value of Z, for company E; .

It is presented in Figure 5 the trust monitoring of companies E3 and E, for the

competence C3. The analysis of Figure 5 leads to the following conclusions:

The processes relating to companies E, and E; (competence C3) are stable, i.e.,
there are no special causes of variation; so the decision on the choice of the
company to cooperate with the company E; should be taken solely on the basis of
the 1° criterion;

Initially one should invest in partnership with the company E, (better value of
Z, ) up to period 10.

For periods 11 and 12, since the values of Z, for companies E; and E, are

similar, the choice is indifferent, being the decision made based on other
indicators in place of the level of trust;

For the period 13 and following, one should opt for the partnership with the
company E, (better value of Z, ).
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Competence C3
4
3
2 2 -
1 & P .
0 BN O | N | D R | . | S (L5 | [ (.| 0
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Py . ° =t ¥
2
<4 e S —m ]
-5 o
-6
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time n°
| —lCL — - (L e=———UCL o Z(E2 B zi(E2) —e—Z(E4) 7i (E4) \

Figure 5 — Capability monitoring and analysis for the competence C3 for
companies £> and Ej4

With regard to competencies C2 and C3, the table presented in Figure 6 summarizes
the decision-making regarding the company that should be selected to collaborate with

the company E,.

Competence | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 |E3|Es|Es |Ey|Ey|Ey |Es | By | By | B | Es|Es | E5 |Es | Es

3 |Ey|Ey|Ey|Ey|Ey |Ey |Ey |Ey |Ey |Ey B/ 1B/ 1 E, | E, | E,

Es4 Es4

Figure 6 — Decision-making on the collaborative process with companies £>, £3 and
E4 (choice of the company to collaborate with E|, by period), concerning the
competences C2 and C3

6. Conclusions

There seems to be a clear consensus that companies to survive have increasingly to
establish "working together" relationships with other companies. In this context, the
role of trust was discussed and a model was proposed to measure the level of trust
between the various companies as support for the development of dynamic logistics
networks.

The methodology proposed for the monitoring of trust presents a number of
advantages that stand out: the perception of the evolution of the trust level of a company
is possible using statistical techniques such as the control charts; the application of
dimensionless charts Z is a good tool to verify the stability of the standard referring to
the trust level of the companies under study, allowing in real time the monitoring of the
standard that a certain company displays regarding the trust level.

The ability of a company to demonstrate a given competence is evidenced by an
indicator, more specifically the capability index.
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Decision-making based on statistical techniques such as those presented in this article,
is more rigorous, avoiding in this way the subjectivity of analysis.

However, it is necessary to develop an application in real context in order to validate
not only the proposed trust model, but also the application of statistical quality control
in the trust monitoring.
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