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Abstract: Artificial Intelligence (Al) has
evolved from a study field to a reality in
management. It was evidenced by the fast use of
Al technology in enterprises, which has led to
more revenue, lower expenses, and enhanced
organizational efficiency. Despite this, various
organizations are still considering to choose
whether or not employ Al. The main objective of
this study is to determine and evaluate the
anticipated benefits of Al adoption. Pythagorean
fuzzy analytic hierarchy process (PF-AHP) and
Pythagorean fuzzy compromised solution
integration (PF-CoCoSo). PF-AHP computes the
relative weights of the significant components,
whereas PF-CoCoSo evaluates the benefit
expectations (BEs) according to their Al
deployment. To exemplify the framework's
applicability, a case study of Vietnam Telecom
Corporation is done. The most important Al
technologies to deploy are "Managerial
capability and related advantages" followed by
"government involvements™ "technical
capability and vendor partnership for Al
adoption” and "compatibility." The developed
model is a step-by-step method for business
organizations to strengthen their BEs using Al
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technology. Conducting sensitivity analysis to
evaluate the effectiveness of the recommended
framework. This contributions will assist Al
researchers and practitioners by providing
suggestions and techniques for measuring Al
adoption.
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1. INTRODUCTION

Artificial intelligence (Al) advancements have
prompted software and system engineers to
devise novel approaches for increasing income,
lowering costs, and increasing corporate
efficiency. Al is a major competitive trend in
business today [1]. Al is defined as 'a collection
of tools and technology capable of augmenting
and enhancing organizational performance' [2].
This is accomplished through the development
of "artificial"™ systems capable of resolving
complex environmental challenges, with
"Intelligence™ referring to the emulation of
human intelligence. This intelligence is critical
for strategic planning and has been used
successfully by firms to obtain a competitive
edge over their competitors [3]. It is widely
assumed that Al would provide benefits such as
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human enhancement, which should be
considered while considering economic growth
[4]. At the federal, industrial, and personal
levels, Al has been employed and deployed.
Additionally, [1] outlined a clear strategy for
implementing Al by 2030, which is
progressively gaining traction in the ASEAN
area, specifically the Vietnam government, for
the public sector [5]. Excellent example of
VinAl and Viettel Solutions collaborating with a
start-up to develop Al-based novel solutions for
future laboratories and implementing a pilot Al
distribution system. Examining the importance
of government bodies taking the initiative
seriously and initiating Al projects within their
surroundings that meet their commercial
requirements. Al can be defined as the emulation
of various human intelligence processes by
machines, more specifically computer-related
systems [6]. However, [2]asserts that "Al refers
to both the intelligence of machines and the
branch of computer science devoted to its
development." [7], while [2] discusses the
history of Al, he defines it as the concept of
transforming inanimate objects into intelligent
beings capable of reasoning like humans.
Computer systems simulate human intelligence
processes such as learning, reasoning, problem
solving, speech recognition, and planning. From
robotic-like game play and knowledge
representation to cognitive automation, Al has
advanced [8]. Al is having an increasing impact
on organizations within the corporate sphere.
According to Gartner [9], Al is the top strategic
technology for businesses. This is backed up by
Google, Amazon, IBM, and Apple, which have
all used Al to improve consumer experiences
[10]and productivity [3] through simpler
cooperation [11]. The global adoption of Al
presents a significant  opportunity  for
Vietnamese firms [12]. Additionally, the report
projects that the Vietnamese economy might
benefit from Al and automation to the amount of

1.2 trillion USD by 2030 [13]. Despite this
effective demonstration of Al, an Alphabeta poll
of business leaders revealed that only 6% of
Vietnamese firms are investing in Al and
automation on a sustained basis, compared to
more than 25% in the US. Vietnamese
enterprises are now falling behind global
competitors in adopting Al technologies [14].
Indeed, according to a recent Gartner poll [9], the
majority of firms are still gathering data on what
and how to adopt Al. Many firms appear to be in
the process of determining how to develop a
business case for Al deployment, as well as the
organizational capabilities required to analyze,
construct, and deploy Al solutions, and are
unsure about the business applications of Al [4].
As a result, a comprehensive understanding of
Al adoption and associated determinants has not
yet been developed in the Viethamese context.
As such, this research attempts to gain a
thorough understanding of how Al is being
adopted by enterprises in the Vietnamese
telecom industry. As a result, the organization
serves as the unit of analysis. BEs produced as a
result of Al adoption are subjective and may be
expected to be multidimensional. As a result, a
multi-criteria  decision-making (MCDM)
strategy is necessary to manage the relative
importance of applicable Al technologies and
BEs. A framework consisting of Pythagorean
fuzzy analytic hierarchy process (PF-AHP) and
Pythagorean fuzzy integrated compromised
solution (PF-CoCoSo) is proposed to accomplish
the research objective of ranking all possible
parameters affecting the adoption of Al at the
organizational level in the Vietnamese setting.

Pythagorean fuzzy sets (PFS) are a class of
fuzzy sets that are an extension of intuitionistic
fuzzy sets (IFS). PFS gives professionals greater
latitude in expressing their views on the
vagueness and uncertainty of the MCDM topic
under consideration. Experts are not required to
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grant membership and non-membership degrees
with a total value of no more than one. The sum
of the squares of these degrees, however, must
be no greater than one. As a result, this research
applies an analytical hierarchy process (AHP)
and a techniqgue known as combined
compromise solution (CoCoSo) with PFS
extensions.  Previous research on Al
technologies has examined the conceptual
framework for its implementation [15]-[17], but
has not examined the impact of Al technologies
on their implementation and the associated BEs
derived as a result of their adoption. Vietnam's
telecom industries can reap a number of
significant benefits from implementing the
proposed framework in practice. The remaining
part of the study is organized as follows: The
section 2 provides a literature analysis on Al
technologies, critical factors, and BEs, and
identifies research objective. The conceptual
framework methodology is discussed in Section
3. Section 4 describes the proposed research
framework's solution techniques and empirical
case study application. Section 5 presents the
study's conclusions, commentary, and sensitivity
analysis. Section 6 discusses the managerial
implications of the study. Section 7 presents the
conclusions.

The following study objectives are noted
based on a review of the literature:

i. Numerous research papers on critical factors
/ drivers of Al technology adoption are available
in the prior literature [87]-[89]. However, only a
few articles were able to calculate the influence
of identified crucial components on the success
of Al adoption using any decision-making
technique.

ii. Previous research has identified a variety of
success criteria and frameworks. However,
fewer papers could point the way to the
connection between Al technologies and their
BEs.

iii. The majority of articles discussing critical
factors affecting Al adoption and frameworks
are unverified or unconfirmed, casting doubt on
their relevance for Al technologies applied in the
telecom industry.

iv. A few of the critical factors affecting Al
acceptance and frameworks were studied
through  case  studies and  surveys.
Simultaneously, none of them used MCDM
approaches to enhance its practical application.

v. Only some papers discuss the BEs that have
been obtained as a result of the implementation
of Al technologies. However, many articles fall
short of quantifying their intensity through
decision-making techniques.

2. LITERATURE REVIEW

The literature review provides as the
foundation of any research project [18]. As a
result, the current study uses a systematic
literature review (SLR) technique to conduct a
review of the literature on critical factors and
critical factors affecting the adoption of Al
technologies. The Scopus database is searched
for articles addressing Al essential aspects and
adverse consequences of Al deployment. The
forward and backward snowball techniques are
used to sift through the literature in this study
[18]. This stage aids in the extraction of articles
that are more pertinent to the topic of Al.
Additionally, the following sub-sections conduct
a review of the shortlisted literature in order to
have a better knowledge of the Al domain.

2.1 Al technologies

In 1956, during the Dartmouth Conference in
the United States, John McCarthy created the
phrase artificial intelligence [19]. At the time, Al
was defined as the process of using a computer
to create a complicated machine that possessed
the same fundamental qualities as human
intelligence. Later on, the definition of Al
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shifted. [20], for example, defines Al as an
"obscure branch of computer science".
According to [21], Al is demonstrated by
machines, and they believe that, in contrast to
natural intelligence demonstrated by people and
other animals, Al is the process of teaching
computers to behave intelligently like humans.
According to [22], Al is a subfield of computer
science concerned with the process through
which ~ computers  acquire intellectual
complexity. According to [23], Al is an area of
study that enables robots to identify the optimal
solution to complicated problems in a human-
like manner. According to [14], Al is neither
psychology nor computer science because it
places a premium on computation, observation,
reasoning, and action.

The advancement of computer capabilities,
the accumulation of enormous amounts of data,
and theoretical understanding all contribute to
the growth of Al technologies in the twenty-first
century. Significant progress is made in
translating Al research and technology into
performant products. At the moment, the
primary applications of Al are in large data,
visual services, natural language processing, and
intelligent robots. The majority of Al
applications are found in business, finance,
healthcare, and automobiles [24]. Medical
imaging, clinical decision support, speech
recognition, drug research, health management,
and pathology are all examples of intelligent
healthcare [25]. Al has the potential to be used
in intelligent healthcare. Machine learning, for
example, can forecast medicine performance,
gene sequencing, and crystal shape. Electronic
health records, intelligent queries, and assistance
are all made possible by natural language
understanding. Medical picture recognition,
lesion identification, and self-testing for skin
diseases are all possible using machine vision
[26], [27]. Al can improve people's health by

increasing the efficiency of medical facilities
and employees and decreasing medical costs
[28], [29].

Additionally, big data-driven Al technologies
can be used to accelerate the advancement of
financial technology. Al has the potential to
restructure the financial industry's ecological
framework, thereby making financial services
(banking, insurance, wealth management, loans,
and investing) more humane and intelligent [26].
Until now, financial services have seen
widespread use of artificial neural networks,
expert systems, and intelligence systems. Credit
evaluation, portfolio management, and financial
forecasting and planning are only some of the
applications [30]-[32].

Additionally, Al enables robots to exhibit
human-like perception, coordination, decision-
making, and feedback capabilities. Intelligent
robots are classified into three types: intelligent
industrial robots, intelligent service robots, and
intelligent specialty robots [9], [26]. Industrial
robots that are intelligent can execute tasks such
as packaging, positioning, sorting, assembling,
and detection. Intelligent service robots can be
used as a family friend, a business assistant, a
healthcare provider, a retail salesperson, or a
rehabilitation specialist for impaired persons.
Intelligent specialized robots are capable of
doing reconnaissance, search and rescue, and
firefighting [33]-[35].

Apart from healthcare, finance, and robots, Al
has been used in retail [36], [37], education [38],
[39], smart home [40]-[42], agriculture [43],
[44], manufacturing [42], [45]. Early adopters of
Al, such as technology behemoths such as
Amazon, Google, and Baidu, reaped the greatest
competitive benefit from the technology. They
are investing in Al to enhance business
processes, such as search engine optimization
and targeted marketing. These early adopters
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have been utilizing Al technology such as
natural language processing and machine
learning to provide clients with a highly tailored
experience.

Due to the pervasive nature of Al and a dearth
of research on Al adoption at the organizational
level, it is unable to directly build on current
theories. Adopting Al is a lengthy process that
includes not only the procurement of software
and technology but also the establishment of
necessary infrastructure and resources over time.
However, there is yet no empirical estimate of Al
acceptance. As a result, study is required to
examine the aspects that influence the proclivity
of Al to adopt, as well as an organization's
specific  organizational competence and
environmental circumstances.

Several studies are now being conducted to
evaluate the application of Al technologies in
specific fields [39], [46]-[48]. Other works
examine the theoretical underpinnings of Al
[49], [50] as well as its applications [41], [51].
Few studies, on the other hand, examine Al
adoption, particularly at the organizational level.
For instance, [2] present a study framework for
Al adoption, but this framework is not validated
across a sample of enterprises in order to
discover the elements affecting Al adoption.
Additionally, their study lacks hypothesis tests
and empirical validation. In the realm of
information systems, publications on the subject
of Al are also extremely rare.

According to the review of studies on Al
adoption, the technological, organizational, and
environmental frameworks provide an excellent
starting point for investigating Al adoption not
only because they highlight the unique context in
which the adoption process occurs, but also
because they can be used to evaluate the factors
affecting Al adoption.

The technological context encompasses
characteristics such as technological innovation,
technical skill, and technology portfolio [52],
[53]. IT characteristics are critical determinants
of the IT adoption process [54], [55]. They
include perceived benefits and constraints [56],

[57], technology integration [58], [59],
technological  readiness [60], and IT
infrastructure  [58], [59]. [60]-[63]. [64]

contends that the dissemination of a new
technology is contingent on a number of the
technology's innovative features, including
relative advantage, compatibility, complexity,
trialability, and observability. When a new
technology's relative advantage, compatibility,
trialability, and observability improve, the rate
of adoption accelerates [65]. Among these
innovation traits, trialability and observability
are underutilized in research on IT adoption
[66]-[68]. Apart from innovation characteristics,
three technological elements are shown to
influence IT adoption: relative advantage,
compatibility, and complexity [66], [68]-[72].
According to this type of literature, the qualities
of innovation and technological aspects play a
role in IT adoption.

The organizational context refers to the
qualities of an organization that enable it to pool
resources for the purpose of boosting
performance. Culture, strategies, managerial
abilities, technical abilities, and people
considerations are just few of the features [73]-
[75]. Organizational variables include the
organization's structure and practices, which
either inhibit or facilitate the adoption and
implementation of innovations [56]. [76] argue
that leveraging organizational capabilities
sufficiently can help firms establish and sustain
competitive advantages, as well as positively
affect their cloud computing implementation,
based on resource-based theory [77]. [55]
emphasizes that the size, maturity, resources,
time period, and sophistication of the
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information system all contribute to the success
of the information system.

The environmental context refers to the
external environment in which businesses
operate their ability to access external resources,
and their interactions with the government and
other businesses. The environmental context, in
particular, encompasses the competitive, legal,
and regulatory environment, as well as the
market in which businesses operate [75]. These
external influences not only create potential for
IT breakthroughs, but also constrain them. [78]
observes that the higher the competition between
businesses, the more likely innovation will be
adopted. Intense rivalry can accelerate the
diffusion of breakthroughs, and when businesses
face a high degree of market uncertainty, they
are more likely to pursue aggressive
technological initiatives [54], [56], [79]. [54]
discovers that government participation through
policies and support can significantly affect
enterprises’ decision to embrace innovative
systems. Other environmental determinants,
such as government participation [54],
regulatory policy [60], industry pressure[57],
market uncertainty [56], [61], and competitive
pressure, have been highlighted in earlier
studies[59], [60], [80].

2.2 Benefit expectations due to adoption of Al
technologies

To compete in a worldwide market, the
majority of telecom firms are looking forward to
implementing breakthrough Al technologies that
enhance work performance [81], [82]. Al has the
ability to significantly improve corporate
performance and productivity [83]. Thus, it is
critical to have a thorough understanding of the
critical business outcomes that firms can achieve
through the use of Al technologies. The BEs can

be defined as the metrics that quantify the extent
to which an organization's goals are realized
through the use of available resources that
incorporate Al. [84] discussed how quality-
assured inputs and low-cost services have a
significant impact on BEs associated with
telecom industry activities. [84] built a
framework and highlighted the increased
efficacy of work. [85] used a decision-making
technique to investigate the many main BES
associated with the deployment of Al
technologies and to rank these BEs. [17]
advanced a holistic conceptual framework for
managing Al applications. [86] evaluated the
potential  for  performance enhancement
associated with Al adoption in terms of
environmental and technological factors.

3. PROPOSED RESEARCH
FRAMEWORK

This study provides a PF-AHP and PF-
CoCoSo framework for analyzing and ranking
the BEs resulting from the use of Al technology.
This framework is divided into three stages.

Figure 2 illustrates the suggested framework's
flow diagram.

Stage I: Identifying and finalizing the most
common critical factors and BEs typically
results through the use of Al technologies.

Stage Il: Using the PF-AHP technique,
calculate the weight of critical major criteria and
sub-criteria.

Stage Ill: Using the PF-CoCoSo approach,
rank the BEs collected as a result of Al
technology adoption.
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Figure 2: Framework on research methodology
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4. METHODOLOGIES AND CASE STUDY
ANALYSIS

This  section discusses the research
methodologies, especially PF-AHP and PF-
CoCoSo, which were used to support the
findings.

4.1 Methodologies
4.1.1 Pythagorean fuzzy sets

The input data necessary to solve any
decision-making challenge is incomplete or
uncertain. To deal with the uncertainty inherent
in decision-making situations, [90] created fuzzy
sets, which are defined by a grade of
membership function provided to each member
ranging from 0 to 1. Later in 1986, Atanassov
presented the Intuitionistic fuzzy sets (IFS) in
three distinct forms: membership function, non-
membership function, and hesitation degree. It is
capable of communicating more accurate data
than fuzzy sets. However, IFS is unable to meet
the criteria for membership and non-
membership. As a result, IFS's few extensions,
such as the Neu-trosophic set [65], Pythagorean
fuzzy set [91], and Orthopair fuzzy set, were
produced [92]. These sets were capable of
dealing with such scenarios. This study makes
use of the PFS, which was established by Yager
in 2013. Fig. 1 illustrates the comparison
between PFS and IFS spaces.

Let us consider u, and v, are the Pythagorean
membership grade, whereas, u; and v, are the
Intuitionistic membership grade. In Intuitionistic
membership grade all the points are beneath the
line u; + v; = 1, whereas, in the Pythagorean
membership grade all the points are with the line
u% + vi = 1. Therefore, it is clear that the set of
Pythagorean membership grades is greater than
the set of Intuitionistic membership grades. As a
result, PFS give decision-makers more
flexibility in formulating their judgments on
uncertainty [93]. PFS has recently been used in a

variety of research areas, including hydropower
plant selection [94], smartcity implementation
risks evaluation [95], sustainable supply chain
innovation enablers evaluation [96], landfill site
selection [97], occupational health and safety
[91], information security risk analysis [98].

4.1.2 Algorithm 1 Pythagorean fuzzy analytical
hierarchy process

AHP is often regarded as the most effective
and powerful MCDM technique for resolving
complicated problems with several competing
criteria [99]. It evaluates all decision-making
criteria in order to organize complex topics in a
hierarchical sequence [100]. When calculating
the weight of criteria, the AHP method has a lot
of advantages over other related techniques such
as ANP, entropy, and SWARA. AHP can be
used for both quantitative and qualitative data. It
develops difficult choice issues using a
hierarchical architecture. Decision-makers can
use AHP to calculate the consistency of the
evaluation approach. As a result, the AHP
approach is used for CSCE evaluation in this
study. Furthermore, the AHP method is
incorporated into the PFS theory to eliminate
ambiguity and imprecision in MCDM situations.
As aresult, the weights of CSCEs are determined
using a PF-AHP technique in this study. The
following are the steps involved in the PF-AHP
method:

1: Construct a pairwise comparison matrix A =
(a;1 ) mxn N accordance to responses taken
from decision-making panel with the help of
linguistic variables provided.

2: Compute the differences matrix D =

(dix) mxn between the lower and upper values
of the membership and nonmembership
functions using Egs. (1) and (2):

dix, = :uizkl - vizku
diku = :uizku - Vizkl

3: Compute the Interval multiplicative matrix
S = (Six)mxn Using Egs. (3) and (4):
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Figure 1: Difference of spaces of P.F.Ns and
I.F.Ns (Source: [92]).
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4: Calculate determinacy value T = (T;)mxn Of
the a;; using Eq. (5):

Ty = 1— (ﬂizku - Iiisz) - (vizky - viZkL)

5: Compute the matrix of weights, T =
(ti)mxm before normalization by multiplying

the determinacy degrees with S = (Six)mxm
matrix using Eq. (6):

Sik, T Sik
tik = (%) Tik

6: Compute the normalized priority weight, w;
using Eq. (7):
W, = Yk=1tik

i=1 Xk=1Lik
4.1.3. Algorithm 2 Pythagorean fuzzy
combined compromised solution

[101], [102] proposed CoCoSo, an innovative
and effective MCDM technique. The CoCoSo
approach combines the simple additive

advantages in terms of decision-making
dependability and stability [103]. As a result, the
CoCoSo technique has recently garnered a lot of
attention from researchers for handling difficult
decision-making problems like risk evaluation
[104], electric car evaluation (Biswas et al.,
2019), and telecom technology assessment
[103].

[102] apply the PFS theory to the CoCoSo
technique. The PF-CoCoSo is a decision
assistance tool that addresses uncertain concerns
in decision-making challenges. Because of the
presence of PFS, it has a strong ability to
distinguish the best choices from other existing
MCDM techniques [105]. The following is the
computational process used in PF-CoCoSo
[104]:

1: Construct the decision matrix D =
(Dij)mxn(i =1,2..m;j=12..n) with the
help of experts opinion by assigning linguistic
scale of PF-CoCoSo is given.

2: Convert the linguistic decision matrix into
the Pythagorean fuzzy decision matrix using

Eq. (8).
P=(Pjmxni=12..mj=12..n)

3: Calculate the score function R = (r;;) _  of

Tij=/,l2ij—l7i2j—ln(1+7'[2ij)

4: Convert the score function matrix R =
(1 j)mxn into an orthonormal Pythagorean
o .
fuzzy matrix R’ = (rij)mxn using Eq. (10).

weighting and exponentially weighted product rlrj , _]T_. ifjeB,
decision making algorithms with aggregation ;=1 _ K _rj_.
strategies to produce a multidimensional L7 ifjeC
. . . . . rii—17;
compromise solution that is consistent with s
changes in weight distribution criteria. As a  where,
result, Wh(?n compared to other MCDM r~ = min;r;, and rj+ = max;7;;
methodologies, the CoCoSo method has
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5: Determine the total of the weighted
comparability sequence for each alternative
using Eq. (11).

Si = Xi=aWj * 1y
6: Calculate the whole of the power weight of
comparability sequences for each alternatives
using Eq. (12).

M\Wji
P =30 (rij) !

7: Determine the relative weight of the
alternatives using aggregation score strategies
with the help of Egs. (13)-(15).

K. — mPl-+Sl-
ie1 (P +S)
o S P,
7 min;S; ' min; P;
Kie = om0 S AS 1
where,

(i) K;q = Arithmetic mean of sums of weighted
sum method (WSM) and weighted product
model (WPM) scores.

(i) K;;, = Denote a sum of relative scores of
WSM and WPM compared to the best.

(iii) K;. = Balanced compromise of WSM and
WPM models scores.

8: Determine the assessment value K; using Eq.
(16).
Kiq + Kip + Kic

K; = {KiaKipKic + 3

9: Rank the alternative based on the decreasing
value of K;(i = 1,2 ... m).

4.2 A case study of Vietnam Telecom
Corporation

4.2.1 The case introduction and the problem
analysis

The suggested PF-AHP and PFCoCoSo
frameworks are empirically validated for a

Vietnamese telecommunications organization.
The VNMI organization was founded in 1985
and currently has several units scattered over 20
different places around Vietnam. The
organization employs more than 50,000 people
and generates over 11.5 billion US dollars in
yearly revenue. VNMI is a Vietnamese
telecommunications company. This case study
was conducted at the VNMI organization's
telecom section in Hanoi and Ho Chi Minh City,
Vietnam. As a result, VNMI executives are
extremely interested in using Al techniques
across their multi-service operations and
distribution. Implementing an Al technologies
plan is viewed as an innovative sustainable
technique that will assist the example
organization in enhancing its technology
adoption practices in its service operations. The
VNMI organization's executives agreed to
contribute to this research.

4.2.2 Stage 1: ldentification and finalization of
the most common critical factors Al
technologies adoption and BEs derived due to
adoption of Al technologies.

52 critical factors relating to Al and 15 BEs
were identified in the literature. Following that,
a questionnaire containing the criteria and BEs
was created and delivered to the VNMI's
decision-making (DM) panel for validation. The
DM panel is composed of fifteen specialists,
including the head of production, the head of
environmental management, the head of Al
technological, quality, and maintenance, the
head of operations and planning, and the head of
logistics and supply chain. These professionals
are highly qualified, knowledgeable, and have
more than ten years of industrial experience.
After numerous rounds of discussion among the
DM panel's experts, a final list of 34 important
elements for Al adoption was selected. Tables 1
and 2 provide a detailed list of selected 34
critical factors and 15 BEs.
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4.2.3 Stage 2: Calculate the major criteria and
sub-criteria weight

The relative weights of criteria and their sub-
criteria are calculated in this phase using the PF-
AHP approach. The selected DM panel provides
a pairwise comparison matrix of key enablers
and sub enablers using the linguistic scale.
Additionally, the decision matrix mode is
calculated in order to acquire a single decision
matrix before proceeding with the remainder of
the calculations. Calculations were performed in
accordance with the procedures outlined in
Section 3.2. The following is a sample
calculation using data obtained from expert 1 for
PF-AHP. The final determined worldwide
weights for each significant aspect affecting the
adoption of Al technology are presented in Table
3. All key parameters were weighted equally, but
relative advantage (RAD) received strongest
weight.

4.2.4 Stage 3: Ranking the BEs derived due to
adoption of Al Technologies

The final stage employs the PF-CoCoSo
approach to rank the BEs obtained from
significant factors affecting Al technology
adoption. In the PF-CoCoSo approach, the
weight computed in PF-AHP is used. The same
DM panel is presented with a set of
questionnaires in the form of a decision matrix.
Before to doing further calculations, the decision
matrix mode is calculated to obtain a single
decision matrix. Calculations were performed in
accordance with the procedures outlined in
Section 3.3. The following is a sample
computation using data obtained from expert 1
for PFCoCoSo. Table 4 summarizes the final
ranking of BEs according to their Ki values.

5. RESULTS AND SENSITIVITY
ANALYSIS

5.1 Analysis results

The use of Al technologies assists the
company in carrying out operational duties in a
more effective and efficient manner. The study
attempts to prioritize the BEs by the effective use
of Al technologies. 15 BEs were ranked against
the 34 essential variables influencing decision-
making in the Vietnam telecom industry for the
use of Al technologies. According to the
findings, technical capability (TCPs) are the
most important major criteria influencing at once
adopted Al technologies. Complexity (CPLs),
Organizational readiness (OREs), Government

involvement (GIVs), Relative advantage
(RADs), Compatibility (CPAs), Market
uncertainty (MUCs), Managerial capability

(MCPs) and Vendor partnership (VPAS) come
next. The priority ranking of sub criteria is
presented in Table 3. The most critical Technical
capability for adopting Al technology in a
telecom corporation is Flexibility and integration
can be facilitated by the use of Al (TCP1). TCP2
require the company has clear information
technology strategies assist their in achieving
our company goals in implementation Al
technologies in their business segment.

In Vietnam, Al is heavily utilized in a variety
of industries, including health, education,
agriculture, transportation, and e-commerce. Al
has been regarded as a critical technology for
achieving a breakthrough and requires further
development and investment. Data is critical for
Al development. This entails a focus on the
development of huge databases and on ensuring
that the proper processes and laws for this
massive data flow are shared favorably by
domestic and international entities. The Prime
Minister's Directive No. 16 / CT-TTg dated May
4, 2017 on strengthening access capacity to the
Fourth Industrial Revolution affirms that
Vietnam must make efforts to strengthen
capacity to access Industry 4.0, one of the critical
pillars of which is Al, which has fundamentally
changed the world's production. Additionally,
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the legal framework and laws governing Al
development are being developed and applied
progressively. Additionally, the Government has
tasked the Ministry of Planning and Investment
with developing a National Strategy for
Industrial Revolution 4.0, which lists Al as a
priority technology industry for policymakers to
focus on in order to foster development. As a
result, the Government involvement is ranked
fourth and their sub-criteria are classified as
follows: GIV1>GIV2>GIV3. Among all critical
factors, Relative advantage (RAD),
Compatibility (CPA), Market uncertainty
(MUC) and Competitive pressure (CPR) are
critical which came in fifth place.

Managerial capability (MCP) and Vendor
partnership (VPA) are ranked ninth and tenth,
respectively. MCP sub-criteria are ranked as
follows: MCP3 > MCP2 > MCP1. The sub-
criteria of VPA are ranked as follows: VPA4 >
VPA3 >VPAL > VPAZ2. BEs obtained as a result
of Al technologies adoption are ranked using the
evaluation value K;. K; for Al can aid workplace
safety, smart and sustainable production and
operations (BE11) is the highest, whereas K; for
BEL1 is the lowest. BE11 > BE7 > BE12 > BE9
> BE6 > BE8 > BE4 > BE2 > BE10 > BE5 >
BE3 > BE15 > BE14 > BE13 > BE1 are the
additional BEs listed in descending order. The
ranking of BEs aids organizational decision-
makers in exploring the primary complex that
arise while using Al technology and setting
appropriate policy guidelines to improve their

benefits in several dimensions in telecom
industry.

52 The sensitivity analysis of weight
information

It is usually preferable to run the sensitivity
analysis test to ensure the robustness of the given
framework [106]. The BEs (alternatives) are
ranked based on changes in the importance
weight of discovered essential elements in

sensitivity analysis. Twenty experiments are
carried out in this study. The importance weight
of each key component is set higher one by one
in the first 18 experiments, while the weight of
other critical factors is set to low and assigned
identical values. Based on the results of the
sensitivity analysis, the weight of factor GIV1 is
set to 0.6, and the weights of the remaining 33
factors are assumed to be of equal relevance and
set to 0.0095. The order of BEs (alternatives) is
established. Similarly, the weights of other
components were changed in the subsequent
calculations, and the results are shown. Figures
3 show how the weights of the important criteria
affect the final ranking of the BEs (alternatives).
BEG obtained the highest assessment value K; in
6 experiments (i.e., experiments 7, 8, 9, 10, 15,
19) and was reported as the best outcome.

O N B OO

Expt. 1
Expt. 2
Expt. 3

Figure 3 Result of sensitivity analysis (ki score)

6. MANAGERIAL IMPLICATIONS

This research work makes a significant
theoretical and practical contribution to the Al
sector. The implications of this study for
researchers and practitioners, as well as the
benefits of the proposed model to society, are
examined in the sub-sections that follow. In
addition, a proposal to policymakers and
sensitivity analysis are explored in the next sub-
section. This study produced significant
contributions to the Al sector, both for
researchers and for industrial practitioners, in the
following ways:
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I. The ongoing research and use of new
technologies has encouraged researchers and
industrial practitioners to discover and execute
essential critical variables that can aid in the
implementation of Al in an industry.

Table 1: List of 34 selected critical factors Al technologies adoption.

Major criteria Code Sub-criteria Reference
Organizational readiness ORE1 A roadmap for the timely implementation of Al technology
(ORE) and application migration has been devised.
ORE2 Managers have already endorsed the plan.
[56], [107];
A financial budget has been approved, as well as a Expert’s opinion
ORE3 — p p
migration schedule.
Our clients excitedly embrace new goods and services that
ORE4 :
incorporate Al advances.
- Our existing communication/network environment is
Compatibility (CPA) CPAL compatible with Al applications.
CPA2 Our|§X|§t|ng hardware environment is compatible with Al [66], [108];
applications. Expert’s opinion
CPA3 Our infrastructure is suitable with Al applications.
CPA4 Al applications are compatible with digital data sources.

In our primary industry, the rate of innovation in terms of

Competitive pressure CPR1 new operating methods and new products or services has

expensive.

CPL3 Adopting Al innovation requires time.

Inadequate work force and people shortages are significant

(CPR) accelerated substantially. [63], [109];
Expert’s opinion

Our industry faces intense price competition. Competitors

CPR2 - - - .
are fierce in terms of product/service quality.

Complexity (CPL) CPL1 Adopt_lng Al innovation is immature in terms of application

maturity.

CPL2 The cost of Al application and migration has been too

[56], [107];
Expert’s opinion

from managers to shop floor controllers, can be designed.

CPL4 barriers to embracing Al innovation.
Governme(néll\?;/ olvement GlVvl The government provides pertinent data. (Chang et al.,
2007; Chau &
GIV2 We should strive to preserve cordial relations with the local | Tam, 1997,
government. Oliveira et al.,
- " 2014); Expert’s
Government support and assistance are critical to our .
GIV3 - - opinion
ability to innovate.
Managerial capability MCP1 Inter-departmental collaboration is critical for the adoption
(MCP) of Al technologies.
Inter-departmental communication is critical for the [76], [109];
MCP2 - - S
adoption of Al technologies. Expert’s opinion
MCP3 Formal education and training programs for all user classes,

In our primary industry, there is a trend toward more use of
MUC1 Al technology for company development and application
development.

Market uncertainty
(MUC)

In our primary industry, Al has a vast range of application

MuC2 possibilities.

[54]; Expert’s
opinion
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Major criteria Code Sub-criteria Reference
MUC3 Al has t_h_e potential to help our business become more
competitive.
Relative advantage RAD1 Increased staff productivity can be achieved through the
(RAD) use of Al applications.
RAD? Customer service can be enhanced with the use of Al
applications. [66], [108];
Expert’s opinion
Al applications can improve the efficiency of information
RAD3
technology resources.
RAD4 Al application can promote flexibility and integration.
Technical capability TCP1 Flexibility and integration can be facilitated by the use of
(TCP) Al.
TCP? Our information technology strategies assist us in achieving | [54], [66], [108];
our company goals. Expert’s opinion
We have the necessary hardware/software in place to
TCP3 f . - -
safeguard our systems' and networks' security and privacy.
Vendor partnership VPAL We have encountered no trouble obtaining support or
(VPA) relying on the services of our vendors/partners.
VPA2 Our suppliers and partners are reputable. [76], [112];
— — —— Expert’s opinion
VPA3 Vendor makes decisions beneficial to our organization.
VPA4 Our vendors/partners are extremely important to us.

ii. A structural framework for Al technology
adoption and its influence on BEs utilizing any
decision-making approach is uncommon in the
literature. As a result, the proposed framework
will assist company executives in efficiently
using Al.

iii. The current study looks into the 34 crucial
elements, which are divided into 9 primary
criteria. It is a comprehensive study on the
adoption of Al technologies and a one-of-a-kind
study that integrates DM and BEs in the Al
adoption literature. The detailed understanding
and outcome of each criterion would assist
industry practitioners in successfully using Al.

Table 2: Benefit expectations realized due to adoption of Al technologies

Benefit expectations realized as a result of Al
Code ! Reference
technology adoption
Improved work performance. o
BE1 [81], [113]; Expert’s opinion.
Increased productivity. .
BE2 [83]; Expert’s opinion.
BE3 Increased work effectiveness. [84]; Expert’s opinion.
BE4 Quality ensured raw inputs, services at low cost. [84]; Expert’s opinion.
BE5 Attract environmentally conscious customers. [113], [114]; Expert’s opinion.
BE6 Rise in sales and enhances after sale service. [115]; Expert’s opinion.
BE7 Decrease employment rate. [85]; Expert’s opinion.
BES8 Decrease cost of operations. [85]; Expert’s opinion.
BE9 Increased competitive advantage. [73], [107]; Expert’s opinion.
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Benefit expectations realized as a result of Al
Code : Reference
technology adoption
Increases efficiency and refocuses daily tasks and . , ..
BE10 efforts with an emphasis on creation and creativity. [2]; Expert’s opinion.
BE11 Al can zfud workplace ;afety, smart and sustainable [2]: Expert’s opinion.
production and operations.
BE12 AI will present new opportunities and capabilities to [43], Expert’s opinion.
improve the human experience.
Al can derive better business insights from the data ] .
BE13 through the process of predictive analytics. [2]; Expert’s opinion.
Al plays an essential role in telecommunications ] s
BE14 digital transformation across all verticals. [2]: Expert’s opinion.
Al can optimize of the operational support services
BE15 and development of highly personalized products and | [2]; Expert’s opinion.
services.

iv. It is difficult to apply all of the Al
technologies in an organization at the same time.
As a result, the ranking of essential parameters
acquired through the use of PF-AHP allows
practitioners to focus on high weightage criteria
for the efficient deployment of Al.

v. The ranking of BEs generated from the use of
Al technologies in PF-CoCoSo enables
practitioners to design an innovative action plan
from the start. It reduces the probability of

failure while increasing the likelihood of success
with Al adoption.

vi. Adoption of Al technologies is still in its early
stages in underdeveloped countries such as
Vietnam. The suggested framework's empirical
relevance is tested in the Vietnamese telecom
industry. With certain modifications, the
proposed framework will assist academicians
and industrialists in other geographical regions
in improving organizational performance.

Table 3: The final ranking of sub-criteria.

Major criteria Rel_atlve Sub-criteria Glot_Jallze Rank
weights weight
Organizational readiness (ORE) 0.11268 ORE1l 0.0500 5
ORE2 0.0325 11
ORE3 0.0383 8
ORE4 0.0305 15
Compatibility(CPA) 0.09342 CPA1 0.0308 14
CPA2 0.0320 12
CPA3 0.0176 27
CPA4 0.0312 13
Competitive pressure (CPR) 0.08932 CPR1 0.0170 28
CPR2 0.0235 24
Complexity (CPL) 0.12312 CPL1 0.0350 10
CPL2 0.0516 3
CPL3 0.0502 4
CPL4 0.0223 25
Government involvement (GIV) 0.10142 GIV1 0.0460 6
GIV2 0.0352 9
GIV3 0.0261 20
Managerial capability (MCP) 0.08446 MCP1 0.0111 32
MCP2 0.0168 29
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Major criteria Rel.atlve Sub-criteria Glopallze Rank
weights weight
MCP3 0.0241 22
Market uncertainty (MUC) 0.09245 MUC1 0.0177 26
MUC?2 0.0249 21
MUC3 0.0295 17
Relative advantage (RAD) 0.09543 RAD1 0.0278 18
RAD?2 0.0123 31
RAD3 0.0304 16
RAD4 0.0263 19
Technical capability (TCP) 0.12421 TCP1 0.0564 1
TCP2 0.0531 2
TCP3 0.0431 7
Vendor partnership (VPA) 0.08349 VPA1 0.0097 33
VVPA?2 0.0082 34
VPA3 0.0146 30
VPA4 0.0240 23
Table 4: The final ranking of BEs based on evaluation value K;
Benefit expectations realized as a result ) ) ) ]
Code of Al technology adoption Kia Kib Kic Ki Rank
BE2 |ncreased produc“v“y 00738 99557 09942 45775 8
BE3 | Increased work effectiveness. 0.0670 | 9.4962 | 009029 | 4.3230 11
BE4 Quz;tlity ensured raw inputs, services at low | 709 10.1684 | 09543 4.6163 7
cost.
BE5 Attract environmentally conscious 0.0695 9.5775 0.9245 4.3734 10
customers.
BE6G Rise. in sales and enhances after sale 0.0694 10.6533 0.9352 4.7729 5
service.
BE7 Decrease emp'oyment rate. 00731 113485 09847 50724 2
BE8 | Decrease cost of operations. 0.0692 | 10.3733 | 0.9323 | 4.6689 6
BE9 | Increased competitive advantage. 0.0693 | 10.6602 | 0.9337 | 4.7739 4
Increases efficiency and refocuses daily
BE10 | tasks and efforts with an emphasis on 0.0720 | 9.7832 | 09700 | 4.4917 9
creation and creativity.
BE11 Al can aid Workpla(_:e safety, smar_t and 0.0795 11.4210 0.9640 5.0781 1
sustainable production and operations.
Al will present new opportunities and
BE12 | capabilities to improve the human 0.0708 10.6141 0.9541 4.1772 3
experience.
Al can derive better business insights from
BE13 | the data through the process of predictive 0.0564 8.2501 0.7608 3.7370 14
analytics.
Al plays an essential role in
BE14 | telecommunications digital transformation 0.0600 8.6437 0.8093 3.9234 13
across all verticals.
Al can optimize of the operational support
BE15 | services and development of highly 0.0651 9.2450 0.8777 4.2076 12
personalized products and services.
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7. CONCLUSIONS

This study is an early investigation of Al
adoption at the organizational level,
incorporating well-established theories into a
novel innovation. Our research provides a
foundation for future research on why and how
organizations use Al. It can be used as a starting
point for further study on Al adoption in various
directions. This contribution figure out the
importance of offering guidance and tools for
investigating the topic of Al adoption. Using the
limits stated, the degree of abstraction provides
an overview of potential study topics. Our
findings have a variety of practical
consequences. First, the current study proposes
that the Al adoption framework may be used
effectively to assist Vietnamese firms in
preparing to adopt Al and in overcoming the
obstacles and challenges involved with such a
process. Second, we offer assistance in
overcoming the management barriers to Al
adoption that have a direct impact on such
acceptance. As previously noted, while the
tremendous benefits of Al are recognized and
accepted by organizations, worries about a lack
of leadership support and a lack of clarity about
which components of Al can be exploited have
hampered widespread Al adoption.

As a result, it reduces the need for resource
inputs and waste generation, and it encourages
green development to attain sustainability in the
telecom company. The current study aims to
identify and assess the essential elements
influencing Al technology adoption, as well as
the BEs obtained as a result of its deployment.
Following a review of the literature and advice
from experts, 34 important criteria and 15 BEs
were determined. The PF-AHP and PF-CoCoSo
methods were used in this study to create a
structural framework for grading the BEs
resulting from the use of Al technology. Initially,
the PF-AHP approach was used to calculate the
relative important weight of crucial factors'

influence, and critical factors were ordered based
on the results. The results show that among the
essential  critical  criteria,  'government
involvements," 'technical capability and vendor
cooperation," and ‘compatibility’ for Al adoption
are the most important. It is followed by
improved work  performance, increased
productivity, increased work effectiveness,
quality-assured raw materials, low-cost services,
attracting environmentally conscious customers,
an increase in sales and improved after-sales
service, a decrease in employment, a decrease in
operating costs, and an increase in
competitiveness. To test the robustness of the
proposed framework, sensitivity analysis was
undertaken.

The proposed research methodology for this
study has several limits, but it can be viewed as
an open door for future researchers. The
suggested  framework's input data for
computation is based on DM panel responses,
which can be subjective. Any prejudice on the
part of the experts judging the important
elements will influence the outcome. As a result,
it is expected that the outcome will be estimated
with considerable caution. The application and
findings of the suggested framework in this
study are limited to a single empirical case
organization in Vietnam telecom enterprises. As
a result, with certain modifications for
generalizations of results, the suggested
framework can also be extended to telecom
businesses in various geographical areas.
Furthermore, the findings of this study may be
compared and evaluated with those of other
MCDM approaches, such as Pythagorean fuzzy
preference ranking organization method for
enrichment of evaluations (PF-PROMETHEE),
Pythagorean fuzzy visekriterijums
kaoptimizacijai kompromisno Resenje (PF-
VIKOR), Pythagorean fuzzy technique for order
of preference by similarity to ideal solution (PF-
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TOPSIS) and Pythagorean fuzzy elimination et
choice translating reality (PF-ELECTRE).
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Technology (Grant Number: 09-HV-2022-
RD_QT2.

REFERENCES

[1] T. H. Davenport and R. Ronanki, “Artificial
intelligence for the real world,” Harvard
business review, vol. 96, no. 1, pp. 108-116,
2018.

[2] S. Alsheibani, Y. Cheung, and C. Messom,
“Artificial Intelligence Adoption: Al-readiness
at Firm-Level,” Artificial Intelligence Review,
2018, Accessed: Mar. 05, 2022. [Online].
Available:
https://aisel.aisnet.org/pacis2018/37/.

[3] H. Varian, “Artificial intelligence, economics,
and industrial organization,” National Bureau of
Economic Research, 2018, [Online]. Available:
https://www.nber.org/papers/w24839.

[4] S. Ransbotham, D. Kiron, P. Gerbert, and M.
Reeves, “Reshaping Business With Artificial
Intelligence. Retrieved January 28, 2022. from,”
in MITSloan, 2017.

[5] S. Dharmaraj, “Artificial Intelligence (Al) is
developing rapidly in Vietnam,” 2022,
Accessed: Mar. 05, 2022. [Online]. Available:
https://vietnaminsider.vn/vi/artificial-
intelligence-ai-is-developing-rapidly-in-
vietnam/.

[6] A. Agrawal, J. Gans, and A. Goldfarb,
“Economic policy for artificial intelligence,”
Innovation Policy and the Economy, vol. 19, no.
1, pp. 139-159, Oct. 2019, doi: 10.1086/699935.

[7]1 S. Alsheibani, Y. Cheung, and C. Messom,
“Artificial Intelligence.” 2018.

[8] Y. Dwivedi et al., “Setting the future of digital

and social media marketing research:
Perspectives and research propositions,”
International ~ Journal  of  Information
Management, vol. 59, 2021, doi:

10.1016/j.ijinfomgt.2020.102168.

[91 E. Bern and W. Andrews, “The Road to
Enterprise Al no.
ttps://www.gartner.com/imagesr v/media-
products/pdf/rage_frameworks/rage-
frameworks. pp. 1-34 0, 2017.

[10] E. Brynjolfsson and A. Mcafee, “The business
of artificial intelligence,” Harvard Business
Review, 2017.

[11] J. Hunter, “Cover story: Artificial intelligence in
school education: Are you ready for it?,”
Education Technology Solutions, no. 85, p. 28,

2018, Accessed: Jan. 28, 2022. [Online].
Available:
https://search.informit.org/doi/10.3316/informit
.093822715101623.

[12] Alphabeta, “The
Strategy and Economics,” 2018.
Available:
https://www.alphabeta.com/wpcontent/uploads/
2017/08/Th.

[13] S. Dharmaraj, “Vietnam Accelerates Investment
in Artificial Intelligence — OpenGov Asia,”
2022. Accessed: Mar. 05, 2022. [Online].
Available:  https://opengovasia.com/vietnam-
accelerates-investment-in-artificial-
intelligence/.

[14] Infosys Report, “Towards Purposeful Artificial
Intelligence,” Infosys Consulting, New York,
2016. [Online]. Available:
https://www.infosys.com/aimaturity/documents
/amplifying-human-potential-ceo-report.pdf.

[15] H. S. Kristensen and A. Remmen, “A
framework for sustainable value propositions in
product-service systems,” Journal of Cleaner
Production, vol. 223, pp. 25-35, 2019, doi:
10.1016/j.jclepro.2019.03.074.

[16] P. Rosa, C. Sassanelli, S. Terzi, P. Sassanelli, T.
C., and S., “Towards circular business models:
A.”2019.

[17] Y. Kazancoglu, I. Kazancoglu, and M. Sagnak,
“A new holistic conceptual framework for green
supply chain  management performance
assessment based on circular economy,”
Journal of Cleaner Production, vol. 195, pp.
1282-1299, 2018, doi:
10.1016/j.jclepro.2018.06.015.

[18] G. Yadav, S. Luthra, S. K. Jakhar, S. K. Mangla,
and D. P. Rai, “A framework to overcome
sustainable supply chain challenges through
solution measures of industry 4.0 and circular
economy: An automotive case,” Journal of
Cleaner Production, vol. 254, 2020, doi:
10.1016/j.jclepro.2020.120112.

[19] R. J. Schalkoff, Artificial Intelligence Engine.
McGraw-Hill, Inc, 1990.

[20] T. L. Saaty and K. P. Kearns, The Analytic
Hierarchy Process. New York: McGraw Hill,
1985.

[21] E. B. Swanson, “Information systems

innovation among organizations,” Management
science, vol. 40, no. 9, pp. 1069-1092, 1994.

Automation Advantage:
[Online].

SO 01 - 2023

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 20



NGUYEN VAN PHUOC

[22] R. M. French, “The Turing Test: The First Fifty
Years,” Trends in Cognitive Sciences, vol. 4, no.
3, pp. 115-121, 2000, [Online]. Available:
https://pdfs.semanticscholar.org/fall/e37b04ch
f4eb55145fa5ac0f632¢291b12aa.pdf.

[23] M. Purdy and P. Daugherty, “How Al Boosts
Industry Profits and Innovation,” Accenture. pp.
1-28, 2017, [Online]. Available:
https://www.accenture.com/no-en/insight-ai-
industry-growth.

[24] J. D. Lovelock, J. Hare, A. Woodward, and A.
Priestley, “Forecast: The Business Value of
Artificial Intelligence, Worldwide, 2017-2025,”
Gartner, 2018.

[25] D. Zheng, J. Chen, L. Huang, and C. Zhang, “E-
government adoption in public administration
organizations: integrating institutional theory
perspective  and  resource-based  view,”
European Journal of Information Systems, vol.
22, no. 2, pp. 221-234, 2013.

[26] E. Bern and W. Andrews, “Applying Artificial
Intelligence to Drive Business Transformation:
A Gartner Trend Insight Report,” vol. 1, 2018,
[Online]. Available:
https://www.gartner.com/doc/3792874?ref=ddi
sp.

[27] E. Bern and W. Andrews, “A Framework for
Applying Al in the Enterprise,” Gartner, no.
June 2017. pp. 1-38, 2017, [Online]. Available:
https://www.gartner.com/en/doc/3751363-
aframework-for-applying-ai-in-the-enterprise.

[28] K. Sadegh-Zadeh, “Artificial Intelligence in
Medicine?,” Philosophy and Medicine, vol. 119,
pp. 723-733, 2015, doi: 10.1007/978-94-017-
9579-1_21.

[29] E. Fast and E. Horvitz, “Long-term trends in the
public perception of artificial intelligence,” in
31st AAAI Conference on Artificial Intelligence,
AAAI 2017, 2017, pp. 963-9609.

[30] A. Bahrammirzaee, “A comparative survey of
artificial intelligence applications in finance:
Artificial neural networks, expert system and
hybrid intelligent systems,” Neural Computing
and Applications, vol. 19, no. 8, pp. 1165-1195,
2010, doi: 10.1007/s00521-010-0362-z.

[31] H. Lu, Y. Li, M. Chen, H. Kim, and S. Serikawa,
“Brain Intelligence: Go Beyond Artificial
Intelligence.” 2017.

[32] M. D. Fethi and F. Pasiouras, “Assessing bank
efficiency and performance with.” .

[33] S. H. Alsamhi, O. Ma, and M. S. Ansari,
“Artificial Intelligence-Based Techniques for
Emerging Robotics Communication: A Survey
and Future Perspectives.” 2018, [Online].

Available: http://arxiv.org/abs/1804.09671.

[34] S. Nolfi, J. Bongard, P. Husbands, and D.
Floreano, “Evolutionary robotics,” in Springer
Handbook of Robotics, Cham: Springer, 2016,
pp. 2035-2067.

[35] B. Siciliano and O. Khatib, Springer handbook
of robotics. Springer, 2016.

[36] V. P. Semenov, V. V. Chernokulsky, and N. V.
Razmochaeva, “Research  of artificial
intelligence in  the retail ~management
problems,” in Proceedings of 2017 IEEE 2nd
International Conference on Control in
Technical Systems, CTS 2017, 2017, pp. 333—
336, doi: 10.1109/CTSYS.2017.8109560.

[37] N. Syam and A. Sharma, “Waiting for a sales
renaissance in the fourth industrial revolution:
Machine learning and artificial intelligence in
sales research and practice,” Industrial
Marketing Management, vol. 69, pp. 135-146,
2018, doi: 10.1016/j.indmarman.2017.12.019.

[38] M. J. Timms, “Letting Artificial Intelligence in
Education out of the Box: Educational Cobots
and Smart Classrooms,” International Journal
of Artificial Intelligence in Education, vol. 26,
no. 2, pp. 701-712, 2016, doi: 10.1007/s40593-
016-0095-y.

[39] M. Y. Zhou and W. F. Lawless, “An Overview
of Artificial Intelligence in Education,”
Encyclopedia of Information Science and
Technology, Third Edition. pp. 2445-2452,
2014, doi: 10.4018/978-1-4666-5888-2.ch237.

[40] P. Wang, S. Chaudhry, and L. Li, “Introduction:
advances in IoT research and applications,”
Internet Research, vol. 26, no. 2, 2016, doi:
10.1108/IntR-06-2015-0183.

[41] M. Xu and C. Jia, “Application of artificial
intelligence technology in medical imaging,”
Journal of Physics: Conference Series, vol.
2037, no. 1, 2021, doi: 10.1088/1742-
6596/2037/1/012090.

[42] K. Xu, X. Wang, W. Wei, H. Song, and B. Mao,
“Toward software defined smart home,” IEEE
Communications Magazine, vol. 54, no. 5, pp.
116-122, 2016, doi:
10.1109/MCOM.2016.7470945.

[43] M. J. Smith, “Getting value from artificial
intelligence in agriculture,” Animal Production
Science, vol. 60, no. 1. pp. 46-54, 2019, doi:
10.1071/AN18522.

[44] L. Xu, N. Liang, and Q. Gao, “An integrated
approach for agricultural ecosystem
management,” IEEE Transactions on Systems,
Man and Cybernetics Part C: Applications and
Reviews, vol. 38, no. 4. pp. 590-599, 2008, doi:

SO 01 - 2023

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 21



USING PYTHAGOREAN FUZZY ANALYTIC HIERARCHY PROCESS AND PYTHAGOREAN FUZZY INTEGRATED
COMPROMISE SOLUTION TO EVALUATE BENEFIT EXPECTATIONS OF ARTIFICIAL INTELLIGENCE IN BUSINESS

10.1109/TSMCC.2007.913894.

[45] C. Basarke, C. Berger, and B. Rumpe, “Software
& systems engineering process and tools for the
development ~ of  autonomous  driving
intelligence,” Journal of Aerospace Computing,
Information and Communication, vol. 4, no. 12,
pp. 1158-1174, 2007, doi: 10.2514/1.33453.

[46] Y. Zhang and P. Lorenz, “Al for Network
Traffic Control,” IEEE Network, vol. 32, no. 6,
pp. 67, 2018, doi:
10.1109/MNET.2018.8553647.

[47] A. A. Oyelude, “What’s trending in libraries
from the internet cybersphere - artificial
intelligence and other emerging technologies,”
Library Hi Tech News, vol. 34, no. 2, pp. 11-12,
2017, doi: 10.1108/LHTN-02-2017-0008.

[48] A. Shahar, “Exploring artificial intelligence
futures,” Journal of Al Humanities, vol. 2. pp.
169-194, 2018, doi: 10.46397/jaih.2.7.

[49] M. Mitka, “Sustainable Growth Rate,” Jama,
vol. 308, no. 6. p. 558 2012, doi:
10.1001/jama.2012.9564.

[50] X.  Zou, “Innovation and  scientific
breakthroughs  in  artificial  intelligence
methods,” Proceedings of the International
Conference on Management, Information and
Educational Engineering, MIEE 2014, vol. 2.
pp. 909-911, 2015, doi: 10.1201/b18558-212.

[51] G. N. Kouziokas, “The application of artificial
intelligence in public administration for
forecasting high crime risk transportation areas
in urban environment,”  Transportation
Research Procedia, vol. 24, pp. 467-473, 2017,
doi: 10.1016/j.trpro.2017.05.083.

[52] E. Rogers, Diffusion of innovations, 4th ed. New
York: The Free Press, 2010.

[53] F. A. Batarseh and R. Yang, Federal Data
Science:  Transforming Government and
Agricultural Policy Using Artificial
Intelligence. Academic Press, 2017.

[54] I. C. Chang, H. G. Hwang, D. C. Yen, and J. W.
Lian, “Critical factors for adopting PACS in
Taiwan: Views of radiology department
directors,” Decision Support Systems, vol. 42,
no. 2, pp. 1042-1053, 2006, doi:
10.1016/j.dss.2005.08.007.

[55] L. Raymond, “Organizational context and
information systems success: A contingency
approach,” Journal of Management Information
Systems, vol. 6, no. 3, pp. 5-20, 1989, doi:
10.1080/07421222.1990.11517869.

[56] P. Y. K. Chau and K. Y. Tam, “Factors affecting
the adoption of open systems: An exploratory

study,” MIS  Quarterly: Management
Information Systems, vol. 21, no. 1, pp. 1-20,
1997, doi: 10.2307/249740.

[57]1K. K. Y. Kuan and P. Y. K. Chau, “A
perception-based model for EDI adoption in
small  businesses using a technology-
organization-environment framework,”
Information and Management, vol. 38, no. 8, pp.
507-521, 2001, doi:  10.1016/S0378-
7206(01)00073-8.

[58] L. Li and H. Zhou, “Manufacturing practices in
China,” International Journal of Production
Economics, vol. 146, no. 1, pp. 1-3, 2013, doi:
10.1016/j.ijpe.2013.09.006.

[59] T. Oliveira and M. F. O. Martins, “A
Comparison of web site adoption in small and
large portuguese firms,” in ICE-B 2008 -
Proceedings of the International Conference on
e-Business, 2008, pp. 370-377.

[60] M. J. Pan and W. Y. Jang, “Determinants of the
adoption of enterprise resource planning within
the technology-organization-environment
framework: Taiwan’s communications
industry,” Journal of Computer Information
Systems, vol. 48, no. 3, pp. 94-102, 2008.

[61] T. S. H. Teo, C. Ranganathan, and J. Dhaliwal,
“Key Dimensions of Inhibitors for the
Deployment Commerce,” IEEE transactions on
Engineering Management, vol. 53, no. 3. pp.
395411, 2006, [Online]. Available:
https://doi.org/10.1109/TEM.2006.878106.

[62] M. Zamani, A. Rabbani, A. Yazdani-Chamzini,
and Z. Turskis, “An integrated model for
extending brand based on fuzzy ARAS and ANP
methods,” Journal of Business Economics and
Management, vol. 15, no. 3, pp. 403423, 2014,
doi: 10.3846/16111699.2014.923929.

[63] K. Zhu, K. Kraemer, and S. Xu, “Electronic
business adoption by European firms: A cross-
country assessment of the facilitators and
inhibitors,” European Journal of Information
Systems, vol. 12, no. 4, pp. 251-268, 2003, doi:
10.1057/palgrave.ejis.3000475.

[64] A. R. Weil, Diffusion of innovation, 4th ed., vol.
37, no. 2. New York: The Free Press, 2018.

[65] E. Rogers, Diffusion of innovations, 1st ed. New
York: The Free Press, 1995.

[66] A. Y. L. Chong, B. Lin, K. B. Ooi, and M.
Raman, “Factors affecting the adoption level of
c-commerce: An empirical study,” Journal of
Computer Information Systems, vol. 50, no. 2,
pp. 13-22, 20009.

[67] T. Oliveira, M. Thomas, and M. Espadanal,

SO 01 - 2023

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 22



NGUYEN VAN PHUOC

“Assessing the determinants of cloud computing
adoption: An analysis of the manufacturing and
services sectors,” Information and
Management, vol. 51, no. 5, pp. 497-510, 2014,
doi: 10.1016/.im.2014.03.006.

[68] K. Zhu, S. Dong, S. X. Xu, and K. L. Kraemer,

“Innovation diffusion in global contexts:
Determinants  of  post-adoption  digital
transformation of FEuropean companies,”

European Journal of Information Systems, vol.
15, no. 6, pp. 601-616, 2006, doi:
10.1057/palgrave.ejis.3000650.

[69] O.-K. Lee, M. Wang, K. H. Lim, and Z. Peng,
“Knowledge Management Systems Diffusion in
Chinese Enterprises,” Journal of Global
Information Management, vol. 17, no. 1. pp. 70—
84, 2011, doi: 10.4018/jgim.2009010104.

[70] E. Rich, K. Knight, and S. Nair, Artificial
Intelligence (Third Edition). New: McGraw-
Hill, 2008.

[71] Y. M. Wang, Y. S. Wang, and Y. F. Yang,
“Understanding the determinants of RFID
adoption in the manufacturing industry,”
Technological Forecasting and Social Change,
vol. 77, no. 5, pp. 803-815, 2010, doi:
10.1016/j.techfore.2010.03.006.

[72] P. F. Hsu, K. L. Kraemer, and D. Dunkle,
“Determinants of e-business use in U.S. firms,”
International Journal of Electronic Commerce,
vol. 10, no. 4, pp. 9-45 2006, doi:
10.2753/JEC1086-4415100401.

[73] D. J. Teece, G. Pisano, and A. Shuen, “Dynamic
capabilities and strategic ~management,”
Knowledge and Strategy, vol. 18, no. 7, pp. 77—
116, 2009, doi: 10.1093/0199248540.003.0013.

[74] B. H. Li, B. C. Hou, W. T. Yu, X. B. Lu, and C.
W. Yang, “Applications of artificial intelligence
in intelligent manufacturing: a review,”
Frontiers of Information Technology and
Electronic Engineering, vol. 18, no. 1, pp. 86—
96, 2017, doi: 10.1631/FITEE.1601885.

[75] Z. Yang, A. Kankanhalli, B. Y. Ng,and J. T. Y.
Lim, “Analyzing the enabling factors for the
organizational decision to adopt healthcare
information  systems,” Decision  Support
Systems, vol. 55, no. 3, pp. 764776, 2013, doi:
10.1016/j.dss.2013.03.002.

[76] G. Garrison, R. L. Wakefield, and S. Kim, “The
effects of IT capabilities and delivery model on
cloud computing success and firm performance
for cloud supported processes and operations,”
International Journal of Information
Management, vol. 35, no. 4, pp. 377-393, 2015,
doi: 10.1016/j.ijinfomgt.2015.03.001.

[77] R. Willis and K. Sullivan, “Cims in Perspective:
Costs, Benefits, Timing, Payback Periods Are
Outlined.,” Industrial Engineering, vol. 16, no.
2, pp. 28-32, 34, 36, 1984.

[78]J. E. Ettlie, “Organizational Policy and
Innovation Among Suppliers to the Food
Processing Sector,” Academy of Management
Journal, vol. 26, no. 1, pp. 27-44, 1983, doi:
10.5465/256133.

[79] E. Mansfield, J. Rapoport, A. Romeo, S.
Wagner, and G. Beardsley, “Social and private
rates of return from industrial innovations,”
Quarterly Journal of Economics, vol. 91, no. 2,
pp. 221-240, 1977, doi: 10.2307/1885415.

[80] K. Zhu and K. L. Kraemer, “Post-adoption
variations in usage and value of e-business by
organizations: crosscountry evidence from the
retail industry,” Information systems research,
vol. 16, no. 1, pp. 61-84, 2005, [Online].
Available:
https://www.jstor.org/stable/23015765%0A.

[81] M. Quaddus and J. Xu, “Adoption and diffusion
of knowledge management systems: Field
studies of factors and variables,” Knowledge-
Based Systems, vol. 18, no. 2-3, pp. 107-115,
2005, doi: 10.1016/j.knosys.2004.11.001.

[82] T. Zhou, Y. Lu, and B. Wang, “Integrating TTF
and UTAUT to explain mobile banking user
adoption,” Computers in Human Behavior, vol.
26, no. 4, pp. 760-767, 2010, doi:
10.1016/j.chb.2010.01.013.

[83] R. Miiller and K. Jugdev, “Critical success
factors in projects: Pinto, Slevin, and Prescott —
the elucidation of project success,”
International Journal of Managing Projects in
Business, vol. 5, no. 4, pp. 757-775, 2012, doi:
10.1108/17538371211269040.

[84] M. R. E. Symonds and A. Moussalli, “A brief
guide to model selection, multimodel inference
and model averaging in behavioural ecology
using  Akaike’s  information criterion,”
Behavioral Ecology and Sociobiology, vol. 65,
no. 1, pp. 13-21, 2011, doi: 10.1007/s00265-
010-1037-6.

[85] E. T. G. Wang, J. C. F. Tai, and V. Grover,
“Examining the relational benefits of improved
interfirm information processing capability in

buyer-supplier Dyads,” MIS Quarterly:
Management Information Systems, vol. 37, no.
1, pp. 149-173, 2013, doi:

10.25300/M1SQ/2013/37.1.07.

[86] Q. Zhu, Y. Geng, and K. H. Lai, “Circular
economy practices among Chinese
manufacturers varying in environmental-
oriented supply chain cooperation and the

SO 01 - 2023

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 23



USING PYTHAGOREAN FUZZY ANALYTIC HIERARCHY PROCESS AND PYTHAGOREAN FUZZY INTEGRATED
COMPROMISE SOLUTION TO EVALUATE BENEFIT EXPECTATIONS OF ARTIFICIAL INTELLIGENCE IN BUSINESS

performance  implications,”  Journal  of
Environment Management, vol. 91, pp. 1324
1331, 2010, doi:

10.1016/j.jenvman.2010.02.013.

[87] N. Tura, J. Hanski, T. Ahola, M. Stahle, S.
Piiparinen, and P. Valkokari, “Unlocking
circular business: A framework of barriers and
drivers,” Journal of Cleaner Production, vol.
212,90, p. 98, 2019, doi:
10.1016/j.jclepro.2018.11.202.

[88] A. De Jesus and S. Mendonga, “Lost in
transition? Drivers and barriers in the
ecoinnovation road to the circular economy,”
Ecological Economics, vol. 145, pp. 75-89,
2018.

[89] K. Govindan and M. Hasanagic, “A systematic
review on drivers, barriers, and practices
towards circular economy: a supply chain
perspective,”  International ~ Journal  of
Production Research, vol. 56, pp. 278-311,
2018, doi: 10.1080/00207543.2017.1402141.

[90] L. A. Zadeh, “Fuzzy sets,” Information and
Control, vol. 8, no. 3, pp. 338-353, 1965, doi:
10.1016/S0019-9958(65)90241-X.

[91] R. R. Yager, “Pythagorean membership grades
in multicriteria decision making,” IEEE
Transactions on Fuzzy Systems, vol. 22,958-
965, 2013.

[92] R. R. Yager and N. Alajlan, “Approximate
reasoning with generalized orthopair fuzzy
sets,” Information Fusion, vol. 38,65-73, 2017,
doi: 10.1016/j.

[93] M. Tavana, E. Momeni, N. Rezaeiniya, S. M.
Mirhedayatian, and H. Rezaeiniya, “A novel
hybrid social media platform selection model
using fuzzy ANP and COPRAS-G,” Expert
Systems with Applications, vol. 40, no. 14, pp.
5694-5702, 2013, doi:
10.1016/j.eswa.2013.05.015.

[94] M. Yucesan and G. Kahraman, “Risk evaluation
and prevention in hydropower plant operations:
A model based on Pythagorean fuzzy AHP,”
Energy Policy, vol. 126, pp. 343-351, 2019, doi:
10.1016/j.enpol.2018.11.039.

[95] S. Lahane and R. Kant, “Evaluation and ranking
of solutions to mitigate circular supply chain
risks,” Sustainable Production and
Consumption, vol. 27, pp. 753-773, 2021.

[96] P. C. Shete, Z. N. Ansari, and R. Kant, “A
Pythagorean fuzzy AHP approach and its.”
2020.

[97] A. Karasan, E. llbahar, and C. Kahraman, “A
novel pythagorean fuzzy AHP and its

application to landfill site selection problem,”
Soft Computing, vol. 23, pp. 10953-10968,
2019, doi: 10.1007/s00500-018-3649-0.

[98]M. F. Ak and M. Gul, “AHP-TOPSIS
integration extended with Pythagorean fuzzy
sets for information security risk analysis,”
Complex and Intelligent Systems, vol. 5, p.
113126, 2019, doi: 10.1007/s40747-018-0087-
7.

[99] S. Gandhi, S. K. Mangla, P. Kumar, and D.
Kumar, “A combined approach using AHP and
DEMATEL for evaluating success factors in
implementation of green supply chain
management in Vietnamese manufacturing
industries,” International Journal of Logistics
Research and Applications, vol. 19, pp. 537—
561, 2016, doi:
10.1080/13675567.2016.1164126.

[100] G. du Plessis and H. Smuts, “The Diffusion
of Innovation Experience.” pp. 318-329, 2021,
doi: 10.1007/978-3-030-85447-8_28.

[101] T. K. Biswas, Z. Stevi¢, P. Chatterjee, and
M. Yazdani, “An Integrated Methodology for
Evaluation of Electric Vehicles Under
Sustainable Automotive Environment,”
Advanced Multi-Criteria Decision Making for
Addressing Complex Sustainability Issues, no.
003, pp. 41-62, 2019.

[102] M. Yazdani, P. Zarate, E. Kazimieras
Zavadskas, and Z. Turskis, “A combined
compromise solution (CoCoSo) method for
multi-criteria  decision-making problems,”
Management Decision, vol. 57, no. 9, pp. 2501
2519, 2019, doi: 10.1108/MD-05-2017-0458.

[103] M. Yazdani and P. Chatterjee, “Intelligent
decision making tools in manufacturing
technology selection,” in Futuristic composites,
Singapore: Springer, 2018, p. 113126.

[104] X. Peng and H. Huang, “Fuzzy decision
making method based on CoCoSo with critic for
financial risk evaluation,” Technological and
Economic Development of Economy, 2020.

[105] X. Peng and G. Selvachandran,
“Pythagorean fuzzy set: state of the art and
future directions,” Artificial Intelligence
Review, 2019, doi: 10.1007/s10462-017-9596-
9.

[106] Z. N. Ansari, R. Kant, and R. Shankar,
“Prioritizing the performance outcomes due to
adoption of critical success factors of supply
chain remanufacturing,” Journal of Cleaner
Production, vol. 212, pp. 779-799, 2019, doi:
10.1016/j.jclepro.2018.12.038.

[107] B. H. Reich and 1. Benbasat, “An empirical

SO 01 - 2023

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG

24



NGUYEN VAN PHUOC

investigation of factors influencing the success
of customer-oriented strategic  systems,”
Information Systems Research, vol. 1, no. 3, pp.
325-347, 1990, doi: 10.1287/isre.1.3.325.

[108] J. Y. L. Thong, “An integrated model of
information  systems adoption in small
businesses,”  Journal  of  Management
Information Systems, vol. 15, no. 4, pp. 187-
214, 1999, doi:
10.1080/07421222.1999.11518227.

[109] H. S. Han, J. N. Lee, and Y. W. Seo,
“Analyzing the impact of a firm’s capability on
outsourcing success: A process perspective,”
Information and Management, vol. 45, no. 1, pp.
31-42, 2008, doi: 10.1016/j.im.2007.09.004.

[110] I C. Chang, H. G. Hwang, M. C. Hung, M.
H. Lin, and D. C. Yen, “Factors affecting the
adoption of electronic signature: Executives’
perspective of hospital information
department,” Decision Support Systems, vol. 44,
no. 1, pp. 350-359, 2007, doi:
10.1016/j.dss.2007.04.006.

[111] T. Ravichandran and C. Lertwongsatien,
“Effect of information systems resources and
capabilities on firm performance: A resource-
based perspective,” Journal of Management
Information Systems, vol. 21, no. 4, pp. 237-
276, 2005, doi:
10.1080/07421222.2005.11045820.

[112] Z. C. Wang and P. Du, “A practical
technology of combining genetic programming
with artificial intelligence,” in 2010 2nd
International Conference on Computational
Intelligence and Natural Computing, CINC
2010, 2010, wvol. 2, pp. 300-303, doi:
10.1109/CINC.2010.5643728.

[113] M. Stoica, D. W. Miller, and D. Stotlar,
“New technology adoption, business strategy
and government involvement: The case of
mobile commerce,” Government Policy and
Program Impacts on Technology Development,
Transfer and Commercialization: International
Perspectives, vol. 13, no. 1-2, pp. 213-232,
2013, doi: 10.4324/9780203050958.

SU DUNG QUY TRINH PHAN TiCH
PHAN TiCH MO PYTHAGORE VA GIAI
PHAP THOA HIEP TiCH HQP MO
PYTHAGORE DPE PANH GIA CAC KY
VONG VE LOI iCH CUA TRi TUE NHAN
TAO TRONG KINH DOANH

Tém tdt: Tri tué nhan tao (AI) da phat trién tir
mdt linh vuc nghién ctru thanh hién thuc trong
quan ly. Bang chimg 1 viéc st dung nhanh
chong cong nghé Al trong ciac doanh nghiép,
giup tang doanh thu, gidm chi phi va nang cao
hi€u qua td chtre. Mic du vay, cac td chtrc khac
nhau van dang can nhéc dé lya chon c6 nén hay
khong str dung tri tu¢ nhan tao. Muyc tiéu chinh
cua nghién cuu nay la xac dinh va danh gia
nhing loi ich dy kién cua viéc ap dung AL Quy
trinh phan cap phan tich mo Pythagore (PF-
AHP) va tich hop gidi phdp théa hi€p mo
Pythagore (PF-CoCoSo). PF-AHP tinh toén
trong sd tuong d6i ciia cac thanh phan quan
trong, trong khi PF-CoCoSo danh gia cac ky
vong loi ich (BE) theo viéc trién khai Al cia ho.
Pé chimg minh kha ning Gng dung cua khung
nghién ciru dé xuat, tinh huéng nghién ctru dién
hinh tai Tong cong ty Vién thong Viét Nam da
dugc thuc hién. Cac yéu té quan trong anh hudng
dén hoat dong trién khai va tng dung Al 12 "Khd
nang qudn Iy va cdc loi thé lién quan”, tiép theo
& "Sw tham gia cua chinh phu" "Nang lyc ky
thudt va quan hé déi tac véi nha cung cap dé ap
dung AI" va "Kha nang twong thich”. M0 hinh
nghién ctru dé xuat dugc phat trién 13 nham hinh
thanh phuwong phép thich hop dé ting budc ap
dung tai cac cong ty nham tiép can va cai thién
loi ich ky vong (BE) cua ho trong viéc ing dung
cong nghé Al Tién hanh phan tich do nhay dé
danh gid hiéu qua cua md hinh nghién ctru
khuyén nghi. Nhitng dong gop trong nghién ciru
s& ho tro cac nha nghién ctru va doanh nghiép
g dung, trién khai Al thong qua cac dé xuit va
k¥ thuat dé do luong viée ap dung Al

Tar khoa: Cong nghé Al, phuong phap phan
tich thir bac (AHP), tap mo Pytago, giai phap
thoa hiép két hop (CoCoSo)
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