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ASSESSING THE LOGISTIC SYSTEM MATURITY LEVEL IN INTEGRATED SUPPLY CHAINS
UNDER LOGISTIC 4.0 PARADIGM

The fourth industrial revolution and digital technologies have transformed the logistics industry, leading to the emergence of Logistics 4.0 paradigm
with interconnected systems, robots, big data analytics, and data-driven decision-making, which is crucial for enhancing supply chain resilience,
sustainability, and customer-centricity. In this regard, the need to continuous investment in logistics system maturity assessment and development has
been identified. This research article analyzes existing maturity assessment models for business systems, summarizes these models, and discusses their
potential transformation under the influence of digitalization. The importance of evaluating maturity levels is highlighted through existing research but
emphasizes that merely identifying maturity levels is insufficient, as improvements are necessary following the evaluation. Moreover, existing models
that evaluate maturity levels need to improve accounting for industry-specific contexts and provide specific quality indicators rather than focusing on
the description of maturity levels. The article aims to develop the theoretical and methodological foundations for the logistics system maturity in
integrated supply chain evaluation and provide a framework for organizations to identify areas for improvement with the Logistics 4.0 paradigm. The
article's hypotheses suggest that improving such factors as digital transformation, supply chain integration, organizational culture, strategic alignment,
human capital, workforce development, partnerships, and collaborations can enhance the maturity level of logistic systems, leading to improved supply
chain performance, but some barriers and challenges need to be overcome with the fourth industrial revolution achievements. The mutual influence of
the described hypotheses highlights three key areas for evaluating logistics maturity: the level of formalization within the integration process, the
maturity of individual participants, and the utilization of opportunities provided by the fourth industrial revolution. The interpretation of integrated
logistic system maturity level has been given. The article provides a comprehensive interpretation of the maturity level of integrated logistics systems,
which are proposed to identify based on the developed hierarchical model of fuzzy inference. Under the fuzzy model, indicators for assessing different
aspects of logistic maturity have been offered, and response scenarios to maturity assessment results have been developed.
Keywords: logistics; logistics integration; maturity level; supply chains; fuzzy inference; directions of logistics optimization

Y)KAH MIHb, X0 ’KAHb
OLIHIOBAHHS JIOTICTUYHOI 3PIJIOCTI IHTETPOBAHUX JIAHIIOT'IB MOCTAYAHHS 3A
MMAPAIUTI'MOIO JIOTICTHUKH 4.0

YerBepTa MPOMHECIOBA PEBOJIOLIS Ta LHU(POBI TEXHOIOTil 3MIHHIK Taly3b JIOTICTHKH, LIO MPU3BEIO A0 MOSBH mapagurmu Jorictukd 4.0 i3
B3a€MOIIOB’SI3aHUMHU CHCTEMaMH, pOOOTaMH, aHAJIITHKOIO BEJIUKHX JaHHUX Ta IPUIHATTIM DillleHb Ha OCHOBI JaHHX, 110 Ma€ BUPiNIalbHe 3HAYCHHS IS
ITiIBUILCHHS CTIHKOCTI JIaHIfOra MOCTAa4yaHHs Ta 3a0e3MeYeHHsI TiABUICHHS PIBHS KJII€EHTOOPIEHTOBAHOCTI. Y 3B’5I3KY i3 LM aKTyaJli3yBajach noTpeda
MOCTIHOrO iHBECTYBAHHs B OL{HIOBAHHS Ta 3a0€3MEYEHHS 3POCTaHHS 3PUIOCTI JOTICTHYHOI cucTeMH. Y Iiil AOCHIAHHIBKIN CTATTI aHATi3yIOTHCS
iCHyIOUi MOJeNi OLIHKM 3pLIOCTi Oi3HEC-CHCTEM, y3arajbHIOIOTHCS Ii MOJENl Ta OOrOBOPIOEThCS IX HOTEHIIHHA TpaHchOpMAIs M BIUIMBOM
mugposizarii. BaxnBicTh OLiHIOBAHHS PIBHIB 3piI0CTI MiAKPIILTIOETECS HASBHUMH JIOCIIJDKCHHSIMH, aJie ITiIKPECIIOETHCS, IO TPOCTOrO BU3HAYCHHS
PIBHIB 3piJIOCTI HEAOCTATHBO, OCKIJIBKH IMICIIS OLiHIOBaHHS HEOOX1HI BlloOCKOHaNeHHs. KpiM Toro, icHyroui Moielli OLliHIOBAaHHS PiBHS 3p1I0CTI TOBUHHI
OyTH IIOKpAIeH] BpaxyBaHHIM raJly3eBHX KOHTEKCTIB depe3 KUIbKiCHI TOKa3HUKH, a He JIHIIe Yepe3 OPicHTallil0 Ha OIHC PiBHIB 3pinocti. MeToro crarTi
€ PO3BUTOK TEOPETUKO-METOIMYHHUX 32Ca/l OLIHIOBAHHS 3P1JIOCTI JIOTICTUYHUX MPOLIECiB iHTErPOBAaHMX JAHIIIOTIB [I0OCTa4YaHb 1 BU3HAUCHHS obacTei ix
BJIOCKOHAJICHHs 3a JIONOMOTrow mapaaurmu sorictuku 4.0. I'imoTe3n craTTi NpUIycKarTh, IO BIOCKOHAJICHHS TakuX (akropis, sK mudposa
TpaHcdopMaris, iHTerpamis JaHIfora MOCTaBOK, OpraHi3alliifHa KyJIbTypa, CTpaTeridHe y3roJDKEHHsI, JIOJCHKUH KalliTall, pO3BHTOK poOovoi cuy,
MapTHEPCTBA Ta CHIBIpans, MOXKE MiJABHIIUTU PiBEHb 3PIIOCTI JOTICTHYHHX CHCTEM, IO HPH3BEAEC O IOKPALICHHS MPOXYKTHBHOCTI JIAHIFOra
MMOCTaBOK. B3aeMHMII BIUIMB ONMHMCAHUX TINOTE3 BUIUISE TPH KIIOYOBI chepH A OLIHKM 3pijOCTi JIOTICTUKU: piBeHb (popmatizawil iHTerpaniiHoro
porecy, 3puTicTh OKPEMHX YYaCHHKIB JIOTICTHYHOI B3a€MOJIl Ta BUKOPHCTAHHS HAJAHUX YCTBEPTON MPOMHUCIOBOIO PEBOJIOLIEI0 MOKIMBOCTEHL.
IMonaHo iHTepHpeTaNito PiBHA 3piNOCTi IHTErPOBAHHX JIOTICTHYHNX CHCTEM, SIKi 3aIIPOIIOHOBAHO iIeHTH(iKyBaTH Ha OCHOBI po3po0IIeHOT iepapXiuHOi
MOJIeJIi HEYITKOTO JIOTIYHOTO BUCHOBKY. Po3po06iieHO crieHapii pearyBaHHs JIOTICTUYHUX CHCTEM Ha OTPUMaHi pe3yJIbTaTH OLiHIOBAHHS.

Ku11040Bi c/10Ba: JOTiCTHKA; JIOTICTUYHA IHTETpallist; PiBEHb 3pIOCTI; JAHIFOTH TIOCTa4yaHb; HEYITKUI JIOTTYHUIT BUCHOBOK; HAIIPSIMH JIOTiCTH3ALIiT

The urgency of the research. The fourth industrial
revolution and digital technologies have widely spread and have
brought a paradigm shift in the logistics industry, rendering some
traditional logistics methods inadequate and necessitating the
development of powerful new tools. The Logistics 4.0 paradigm,
characterized by interconnected systems, robots and cyber-
system involvement, big data analytics, supply chain integration,
data-driven decision-making, etc., has emerged as a reasonable
response to the new digital challenges. Enterprises and their
associations could face such challenges only through increasing
logistic system maturity levels that could have different ways of
understanding but are crucial in all their meanings. Increasing
maturity levels provides invaluable insights for enhancing supply
chain resilience, sustainability, and customer-centricity.

Target setting. As the global logistics industry evolves
rapidly under the digital influence, pursuing knowledge in
logistics system maturity assessment is a critical field of inquiry
that requires an ongoing investment of intellectual capital and
resources. Organizations must have the tools and frameworks to

gauge their logistics maturity levels accurately. Such assessments
can enable them to identify potential areas for improvement,
compete effectively, craft strategic initiatives to fortify their
logistical prowess and thrive in a volatile business environment.

Actual scientific researches and issues analysis. The
maturity level of systems and business processes has been
considered by many researchers and is mentioned in various
reference models. A list of existing maturity assessment models
and directions for their possible transformation under the
digitalization influence (these directions are defined by the
authors of this article) has presented in Table 1. Based on the
presented systematization of information, the maturity of
business processes can be defined as the degree to which the
process meets the requirements of certainty, manageability,
measurability, replicability, and performance. In turn, the logistic
maturity level refers to the maturity of an organization's logistics
processes and capabilities, including managing inventory,
transportation, etc.
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Table 1 — System maturity level frameworks and directions of its possible development under the digitalization

influence
Framework Essence of model Model Levels Digitalization impact
CMMI (Capability | A framework  for  process | 1. Initial It should be expanded by process optimization
Maturity Model | improvement. It is designed to help | 2. Managed through such digital technologies as Al IoT,
Integration) [4] organizations enhance their product | 3. Defined and data analytics, which can facilitate
and service development, delivery, 4. Managed continuous improvement and innovation
and maintenance capabilities. 5. Optimizing across processes within the organization.
Logistics Maturity | A comprehensive model was | 1. Ad hoc Given model should also be improved through
Model (LMM) developed to evaluate logistics | 2. Fragmented end-to-end visibility, real-time data-driven
[1;12] performance  and  capabilities, | 3. Integrated decision-making, and increased automation
focusing on logistics processes' | 4 Optimized like blockchain and robotics preces (RPA)
efficiency and integration. 5 Advanced
SCOR (Supply | It is a management tool that | 1.Reactive The fourth industrial revolution can help the
Chain  Operations | provides a standard framework for | 2. Anticipatory SCOR model's core elements (Plan, Source,
Reference) Model | evaluating, improving, and | 3. Collaborative Make, Deliver, Return) optimization through
[2; 8] communicating  supply  chain | 4 Orchestrating better demand forecasting and collaboration
performance across industries 5. Cognitive among supply chain partners
Gartner's Five- | The maturity model offers a | 1. Chaotic For the manufacturing capabilities
Stage Maturity | strategic framework to achieve | 2. Structured improvement it is possible to use digitalization
Model for | manufacturing  excellence by | 3. Integrated for transition from lower maturity stages to
Manufacturing aligning people, processes, and | 4 Orchestrated higher stages of the model, enabling
Excellence [7; 10] technology. 5 Continuous excellence
Industry 4.0 | A model that evaluates the digital | 1. Computerize Digital transformation can accelerate an
Maturity Model [3; | maturity of manufacturing | 2. Connectivity organization's progress across the maturity
11] companies based on technological, | 3 Visibility stages of this model, from Computerization to
organizational,  and  strategic | 4 Transparency Visibility, fostering a higher degree of
dimensions. 5. Adaptability automation and resilience

The information presented in Table 1 provides an
overview of the most prevalent models for assessing the
maturity of systems and processes. Additionally, Table 1
encompasses the authors' perspective on the influence of
informatization and digitalization on these models. The table
includes not only references to the models themselves but also
to the implementation of evaluation processes in an academic
context. For example, by usage of SCOR [8] 1. Bukhori, K.
Widodo, and D. Ismoyowati [2] investigate the performance
of a poultry supply chain in a Yogyakarta-based slaughtering
house. Expanding SCOR by Analytical Hierarchy Process
methods helps identify areas for improvement of logistic
operations for company efficiency. Such an example proves
the importance of assessing the level of maturity. The Same
with Five-Stage Manufacturing Excellence Maturity Model
developed by Gartner's Company [7] and widely revealed by
researchers such as C. Siedler [10]. This model consists of
seven dimensions, such as goal, data, skill sets, organizational
structure, applications, analytics techniques, and supporting
technology, each of which evaluates the extent of
digitalization within various phases of a product's lifecycle.
But anyway, it is not enough only to distinguish the maturity
levels due to the necessity to make some improvement after
evaluation.

Uninvestigated parts of general matters defining. As it
shown in author’s expanding in Table 1, the fourth industrial
revolution and the influence of digital technologies can lead
to significant improvements across various maturity models
by driving enhanced process optimization, increased
automation, data-driven decision-making, and better

integration and  collaboration, ultimately  fostering
organizational agility and resilience. However, Table 1
focuses more on business processes rather than logistics.
Nevertheless, Several researchers have studied the maturity
models of logistics systems operating within the logistics' 4.0
framework. For example, J. Oleskow-Szlapka and A.
Stachowiak [9] offered the estimation model specifically
designed to scrutinize the degree of progress achieved in
logistics processes within the context of the fourth industrial
revolution. Even though the given in [9] model is based on six
dimensions (process, organization, technology, human
resources, management, and performance) and helps to
identify the enterprise's strengths and weaknesses in logistics
processes, several areas for mentioned model improvement
could be determined. Such areas consider the influences of
different contexts and industries on the logistic maturity level
and provide specific strategies for improving logistics
processes rather than just identifying strengths and
weaknesses. The same areas of improvement are relevant to
K. Werner-Lewandowska’s and M. Kosacka-Olejnik’s [12]
article, similar to those described in Table 1 Logistics
Maturity Model (LMM) but for the service company was
presented. In [12], proposals emphasize the breakdown of the
LLM in areas of planning, procurement, storage, inventory
management, distribution, and reverse logistics, each of which
should be further expanded to take into account digital
transformation. So, the models mentioned above delineate
areas that require consideration of maturity levels, but they
solely entail defining features of said levels. Hence, it is
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essential to incorporate quantitative characteristics, which is
also impossible to implement with Industry 4.0 impact fully.
The research objective. The article aims to develop the
theoretical and methodological foundations for the logistics
system maturity in integrated supply chain evaluation and
provide a framework for organizations to identify areas for
improvement with the Logistics 4.0 paradigm. Achieving the
article’s goal involves solving the following tasks: identifying
and analyzing the key factors influencing integrated supply
chain logistics systems' maturity level, developing a
comprehensive  maturity  assessment framework for
evaluating the logistics system maturity level with various
dimensions; providing actionable recommendations for an
integrated supply chain' to use in own advantage opportunities
from the Logistics 4.0 paradigm and digital transformation.
The statement of basic materials. Implementing the
research objective could be based on fuzzy logic approach
described by V. Gajovic [6] and A. Dorokhov [5] in their
articles. The advantages of using fuzzy logic include: its
ability to handle imprecise and uncertain data; flexibility in
decision-making; its potential to model complex systems. The
fuzzy logic approach is suggested to rely on multiple this
article authors' hypotheses to ascertain the degree of maturity
within the logistics system, particularly in integrated supply
chains. The interaction between the proposed hypotheses (are

-Nowadays business require ,

exploring the relationship |« logistic capabilities accelerates —
the maturity of logistic systems
in integrated supply chains

[

|

| . between supply chain
| mte?ratlon_an_d the maturity

' level of logistic systems due |

! to additional capabilities of ——
\ integrated entities //

H3. Org_anizZati_ons that
Invest In continuous
workforce development
and upskilling have a
higher maturity level of
logistic systems

H1. Strategic alignment
between business goals and I

ized maturity mode]s

atrlf more effective j ir
C Maturity leve] of |ooict:
0
Systems than generic m%ldséig ~

H4. Higher levels of supply chain
integration lead to an increased
maturity level of logistic systems
within an organization

defined by the set {H}) is shown in Fig. 1. The presented in
Fig. 1 dependencies expand the idea that individual
enterprises' integration increases the competitiveness of
integrated supply chains. However, it is essential to note that
competitiveness can only be enhanced through the growth of
logistics maturity. The first integration stage may lead to a
decline in logistics maturity due to the emergence of new
procedures. To increase logistics maturity, utilizing the
opportunities provided by the fourth industrial revolution is
essential. The logistics maturity of an integrated supply chain
depends on the maturity of its participants. Moreover, the
existence of formalization within the integration process
affects the level of logistics maturity. Participants in an
integrated supply chain can enhance logistics maturity by
attracting logistics practices from other participants. This
approach can lead to the mutual development of logistics
practices, thus contributing to the overall logistics maturity of
the integrated supply chain. Although integration does not
necessarily have to be formal, the level of logistics maturity
depends on the existence of such formalization. Thus, the
mutual influence of the described hypotheses and conditions
allows for identifying three crucial areas for evaluating
logistics maturity in an integrated supply chain, which are
presented at the bottom of Fig. 1.
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B) Implementing fuzzy inference with FuzzyTech

Fig. 2 — Fuzzy model for assessing the logistic system maturity level

The diagram presented in Fig. 2 comprises two parts,
each serving a distinct role in the overall model. The first
part (part A) elucidates the general logic of formulating a
fuzzy logical inference concerning determining the logistic
maturity level. This component provides an approach for
the amalgamation of indicators for each of the groups
presented in Fig. 1, thereby offering a comprehensive
methodology for assessment. Part B of given at Fig. 2
diagram portrays the software implementation of the
evaluation logic, utilizing a hypothetical example for
illustration purposes. For this specific example, three
indicators are selected for each group, ensuring a balanced

representation across all categories. It should be noted that
the symbolic representation of the indicator groups and the
fuzzy inference functions in both the first and second parts
of Fig. 2 are consistent. It can be seen that the terms of the
output variable in Fig. 2 (ILML variable) correspond to
their description in Table 2.

In addition to the elements detailed previously, Part B
of Figure 2 also showcases the blocks of logical inference
rules. Such rules' blocks (they correspond to the set of
functions {f} from part A of Fig. 2|) are requisite for
formulating robust logical inferences, providing the
framework to manage and process raw data. The rules
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within each block can vary depending on the set of
indicators as well as the specific characteristics of the
integrated supply chain activities. The selection of fuzzy
inference rules is facilitated by an adaptable framework
that adjusts based on the unique aspects of each supply
chain, ensuring that the evaluation remains accurate and
relevant. Each rule can be elucidated as a corresponding
plane for formulating fuzzy inference, visually
representing the complex mathematical processes
underlying the inference system. Additionally, within part
B of Fig. 2, one can observe a module of the FuzzyTech
program that calculates each individual assessment's
influence on the resultant indicator, shedding light on the
intricate interplay between individual metrics and the
overall evaluation result.

Each of the maturity level indicators utilized in Figure
2 could potentially be represented by an aggregate of
several indicators, thereby providing a more nuanced and
comprehensive assessment of each maturity level. This
approach would introduce an additional hierarchy level to
the proposed maturity assessment model, containing its
own set of fuzzy inference rules, enriching the evaluation
process. Following, we delve into the types of indicators
that could be employed for conducting a fuzzy evaluation
of logistic maturity. The discussion will revolve around
sets of indicators for each group, where a specific indicator
could being selected from such a set. The choice of
indicators, in this way, becomes a dynamic process,
allowing for adjustments and refinements based on the
unique characteristics of the evaluated logistic system,
further enhancing the validity and reliability of the
assessment.

So, let's consider the content presented in Fig. 2 sets of
indicators and characteristics of the logistics maturity
level. The following seems appropriate if we talk about
aspects related to traditional logistics areas and activities of
individual elements of the logistic system (components y1
at Fig. 2). Firstly, it is necessary to calculate process
efficiency and effectiveness (subcomponent x1 at Fig. 2).
As maturity model elements here could be used, the
indicators such as order cycle time, inventory turnover,
transportation costs, and order accuracy. Secondly, it is
necessary to consider workforce development and skillset
(subcomponent x2 at Fig. 2), which is filled with such
indicators as an investment in employee training and
development, skill-building programs, and the presence of
specialized logistics talent. Finally, in this group of
indicators, we will define the subcomponent (x3 at Fig. 2)
of organizational culture and structure (degree of
innovation, agility, and collaboration within the
organization) and the presence of cross-functional teams
and dedicated logistics personnel).

The next group of indicators for assessing logistics
maturity (components y2 in Fig. 2) correlates with
disclosing the logistics flow integrative capabilities. The
key emphasis here is proposed to be on supply chain

integration (k1 & {extent of collaboration and information
sharing among supply chain partners, visibility and
traceability of goods and information, seamless
coordination  of  processes}), sustainability and

environmental performance (k2 & {adoption of green
logistics practices, energy efficiency, waste reduction, and
carbon footprint}), and strategic  alignment

(k3 &{alignment of logistics goals and objectives with
overall business strategy, prioritization of logistics
initiatives based on strategic importance}).

Finally, last part of the maturity assessment model
(components y3 in Fig. 2) dialing with assessment the
benefits provided by digitalization and the fourth industrial
revolution within the logistic system design. The key areas
here are technology adoption, data-driven decision-
making, and managing the digitalization risks. The first of
these areas (subcomponent ml at Fig. 2) of maturity
estimation is revealed through the degree of
Implementation and integration of advanced technologies
such as 10T, Al, machine learning, blockchain, and robotic
process automation (RPA). In the case of the data-driven
decision-making area (subcomponent m2 at Fig. 2), it is
possible to calculate the utilization of data analytics,
predictive analytics, and real-time data for decision-
making qualitatively, as well as the establishment of data
governance policies and data management practices. The
last areas connected to managing the digitalization risks
(subcomponent m3 at Fig. 2) must be entered into the
model the characteristics of risk management practices
Implementation, ability to adapt to disruptions, adherence
to service level agreements (SLAS), and supply chain
resilience measures.

By evaluating the maturity level across given in Fig. 2
dimensions using the aforementioned indicators,
organizations not only can gain a comprehensive
understanding of their logistics system performance, but
also can identify areas for improvement. Even though an
integral assessment is employed, it is possible to utilize a
more detailed representation of the evaluation results on
logistic maturity. This exact representation enables a more
granular understanding of the performance across various
facets of logistic operations, provided in the form of a radar
chart, as shown in Figure 3, where presented in Figure 2
directions have been matched. The radar chart provides a
visual representation of performance across multiple
criteria, efficiently identifying strengths and areas for
improvement.
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Diffusion scenario.The
inadequate maturity of
some participants
logistical practices
necessitates enhancement,
which should be achieved
through the advanced
development of digital
technologies and the
logistical procedures of
integrated entity.

Under-integration scenario.The high
level of digital technology development
and maturity of logistical links within

the integrated chain necessitate an
enhancement in integrative interaction

Unmature scenario.The
prevailing issue of low
engagement in integration
practices and digitalization
benefits, compounded b
the rudimentary state o
logistics and process
management, necessitates a
holistic and comprehensive
improvement across all
facets of logistical maturity

~

Y3
Assessment of the implementation
level of the benefits provided by
digitalization and the fourth
industrial revolution in the logistic
system design

Y2
Disclosure of the logistics flows
integrative capabilities under
the maturity level assessing
process with considering the
benefits from integration

Fig. 3 — Response scenarios to logistic maturity assessment

As we can see, Fig. 3 contains descriptions of different
enterprise response scenarios to the results of the logistic
maturity evaluation. These scenarios provide a strategic
perspective on possible actions and decisions that could be
taken in response to the insights derived from the review,
adding another layer of utility to the assessment process.

Conclusions. The fourth industrial revolution,
distinguished by the convergence of digital, biological, and
physical technologies, has catalyzed significant
transformations in the logistics industry, giving rise to the
Logistics 4.0 paradigm. Simultaneously, a compelling need
has arisen for continuous investment in assessing and
developing the maturity of logistics systems. Given this, an
array of existing maturity assessment models designed for
business systems has been analyzed, encapsulating their
fundamental aspects and deliberating on their prospective
metamorphosis in response to the burgeoning influence of
digitalization. Based on this analysis results, three critical
areas for evaluating logistics maturity in an integrated
supply chain have been identified. These areas include the
level of formalization within the integration process, the
maturity of individual participants, and the utilization of

opportunities provided by the fourth industrial revolution.
By focusing on these crucial areas, companies can enhance
logistics maturity, thus increasing the competitiveness of
the integrated supply chain. Also, the article provides a
comprehensive interpretation of the maturity level of
integrated logistics systems, which are proposed to identify
based on the developed hierarchical model of fuzzy
inference. Under the fuzzy model, indicators for assessing
different aspects of logistic maturity have been offered, and
response scenarios to logistic maturity assessment results
have been developed.

Notwithstanding the extensive and perspicacious nature
of this research, there remain uncharted territories within
the domain of logistic system maturity assessment,
warranting further exploration and inquiry. Future research
endeavors may delve into the development of industry-
specific maturity models, investigate the impact of regional
disparities on logistic maturity, or examine the role of
sustainability and circular economy principles in the
context of Logistic 4.0.
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