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The article considers the content characteristics of the information architecture of transport logistics (IATL) as a means
of orientation on websites using appropriate interfaces and dialog windows. The logistical and physical description of
the information support of transport operations is given. The scheme of the IATL is proposed for complex transportations
carried out in conditions of uncertainty of external environmental influences and risk. The IATL is built on a structural-
functional organizational basis, which allows forming groups of information objects based on understanding of the ulti-
mate needs, patterns of perception and features of transport logistics. A distinctive feature of the proposed scheme is the
categorization of information architecture modules in a certain format and its adaptability to the external environment.
The use of information in the proposed scheme highlights the following components: the presence of priorities in the
application of input information and software and hardware, the location and ranking of auxiliary subsystems according
to their importance in making decisions regarding transportation conditions, coordination of interactions, the presence
of logical subordination relationships between the elements of the scheme, alternation and sequence of functional proce-
dures, coordination of goals and interactions, timely transfer of information, development of methods for eliminating
uncertainty. A logistic mathematical model of the information architecture of transport transportation is proposed, an
information structure and a simulation model of management under uncertainty, which includes the relationships between
goals, alternative means of achieving them and available resources. The use of basic theoretical principles and organi-
zational and methodological provisions when creating blocks of information architecture provides the ability to adjust
management decisions to increase the efficiency of transportation according to developed and agreed plans. The devel-
opment of transport and logistics information architecture systems allows for a deeper understanding of the complex
interactions of elements within the system, to assess the degree of influence of factors, and to identify bottlenecks. The
scientific direction of this aspect includes methods of choice theory, expert systems, simulation modeling, Markov pro-
cesses, dynamic programming, fuzzy logic game theory. All of them are related to multi-criteria assessments of the current
situation and have elements of risk in achieving alternative options for managing transportation.

Keywords: information architecture, transport logistics, transportation, structural diagrams, functional approach, un-
certainty.

Statement of the problem through the appropriate interfaces and dialog boxes when
it is necessary to convey the importance of various parts of
the content to create a scenario. Information architecture
denotes the fundamental organization of the target system,
which describes the main components and modules with
the principles of their operation and interrelation with each
other, as well as various variations of development and
evolution of events.

Information architecture is designed to support the
parameters of transport flows, coordinating the actions of
all transport links on an interactive map to ensure maxi-
mum use of resources by optimizing transport operations.

Transport logistics functions under dynamic changes
in the external environment when the influence of the ex-
ternal environment is unpredictable, i.e. under conditions
of uncertainty. Therefore, information support for techno-
logical operations of transport transportation under chal-
lenging conditions of their implementation becomes rele-
vant. Uncertainty is a system-wide property associated
with limited knowledge about the state of the external

The intensive process of relocation of production
from Western Europe and the USA to the countries of
Southeast Asia and the formation of a reverse flow of fin-
ished products in the context of growing consumption in
developed countries have become the main incentive for
the development of the world market of transport and lo-
gistics services.

Transport logistics is based on the integration of
transport, supply, storage, and sales. Its task is to develop
a route that allows cargo to be delivered from the sender to
the recipient in a short time with minimal costs. In the pro-
cess of logistics development, the problems of optimizing
the volume of deliveries, routes, placement, warehouse
sizes, and monitoring of transport flows along the entire
route are solved. To facilitate their solution, the appropriate
information architecture is used.

Information architecture is a set of processes for or-
ganizing structured information to navigate through web-
sites with the distribution of cognitive load and orientation
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environment. Risk arises from uncertainty and is under-
stood as the probability of a negative outcome of events.

The problem under consideration relates to decision-
making on the organization of transportation when unfore-
seen situations arise on the route.

The lack of the necessary level of consistency and dy-
namism in the field of transportation is the rationale for the
need to develop new theoretical principles and organiza-
tional and methodological provisions in creating infor-
mation architecture blocks.

Analysis of the latest achievements
on the identified problem

Among the topics of information architecture of
transport logistics (IATL), it is worth noting the works of
domestic scientists in the field of analytical methods for
managing the development of innovations and transport
flows in logistics [1-4].

The international logistics platform of information ar-
chitecture distributes information across countries with
complex businesses and various data sources. The architec-
ture of the information service for the international multi-
modal corridor POL-Corridor is presented in [5]. In [6], a
service-oriented architecture of distribution and exchange
of data in a heterogeneous environment is analyzed and de-
signed. Information architecture for solving the problems
of filtering, aggregation and operational analysis of down-
stream flows is presented in [7, 8]. A conceptual service-
oriented program of information architecture with the in-
terception of digital events related to transportation and
monitoring of logistics processes with the presentation of
interfaces is described in [9]. A method of operational in-
formation management on a route in the form of graph
nodes describing stops between destinations, edges de-
scribing distances between routes and correspondence of
implementations along several routes is presented in [10].
A collision-free pathfinding for multiple agents based on
neural structures is presented in [11]. A system architecture
of intelligent transport logistics based on collecting and
transmitting information for electronic coding in urban

transport management is described in [12]. A functional
model of the information architecture of the transport and
logical platform is presented in [13]. Functional require-
ments for logistics distribution based on Internet of Things
technologies are described in [14]. In [15], it is proposed to
use the Node-RED programming tool for structured envi-
ronments of the Internet of Things (IoT) system, using the
same technologies and communication protocols to form a
logistics apparatus. The form of business logic, hierarchy
of information and applications are defined. In [16, 17], an
information architecture is proposed that allows integrating
information carried in containers into the logistics chain
through an open interface platform that supports interac-
tion with ports around the world. Elements of building the
information architecture of technical products and pro-
cesses are described in [18-21].

Despite the obvious advantages of using information
architecture, information on its applicability in transport
logistics is very limited.

Purpose and task statement

The work aims to build a diagram of the information
architecture and information support for multimodal trans-
portation in conditions of uncertainty and risk.

Tasks of the work:

- formation of a logistic mathematical model of trans-
portation,

- physical description of information support for
transport operations,

- substantive characteristics of the IATL,

- construction of a diagram of the information archi-
tecture and information support for transport logistics.

Summary of the main material

The reasons for the emergence of uncertainty in
transport logistics are presented in Fig. 1.

The causes of uncertainty in transport logistics in-
clude time-gap deliveries, traffic congestion, dynamic
routing, and the gap between operational actions and prac-
tice.

Forecast UNCERTAINTY Wrongness of
errors IN TRANSPORT LOGISTICS decisions
| \ |
Inaccurate Resource Inaccuracy in Natural man- Misjudging
transmission failure the use of data made disasters situations
of information
Disruption of the transport chain Terrorism, cargo theft
Fig. 1 — Causes of uncertainty in transport logistics
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Fig. 2 — Implementation model of the IATL

Transport logistics is currently experiencing a turning
point and changing operational purposes. The central place
in international freight transport systems is provided by the
constant reaction to disruptive events and volatility caused
by a combination of various factors and the need to adapt
to them. Geopolitical tensions and climatic factors are in-
creasing, which are the basis for macroeconomic uncer-
tainty and digitally enabled globalization models. As for
maritime transport, which accounts for about 80% of the
world's merchandise trade, it is necessary to solve the prob-
lems associated with low carbon emissions and the intro-
duction of cleaner alternative fuels. By the end of 2023,
global logistics, which is based on maritime transport, was
threatened by events related to the war in Ukraine and
events taking place in the Red Sea, Suez and Panama Ca-
nals.

Globalization and the development of cooperative re-
lations between participants in the production processes
lead to the fact that most freight transportation is carried
out by different modes of transport. Today, the share of sea
transport with the participation of river and rail transport
accounts for up to 90% of the transportation. Rail transport,
in interaction with road transport, carries out transportation
of up to 35% of all cargo. Since the beginning of military
actions in the territory of Ukraine, direct sea deliveries and
air transportation have ceased. Today, most domestic cargo
crosses the border using freight trains and cars, heading to
the seaports of Hamburg, Romania and the Baltic coun-
tries, as well as to the airports of Poland in Katowice and
Warsaw. The implementation model of the information ar-
chitecture, compiled on the basis of the analysis and expe-
rience of using information technologies in transport logis-
tics, is shown in Fig. 2.

The logical description includes products that define
the boundaries between the system and its environment,
between functional interfaces and the external system. The
logistic mathematical model of transportation is a system
of connections between goals, alternative means of achiev-
ing them and available resources.

The most acceptable apparatus for formalizing the
description of transport management under conditions of
uncertainty is the choice of options from a variety of

alternatives {y} [4]. Any alternative can be assigned to
this set using the principle of choice F

P> 7
where ;(* — selected alternative.

Gradation of solutions by the degree of formalization
of transport management tasks:

-asetof alternatives { 7} is clearly defined and fixed,
and the principle of choice is formalized;

- a set of alternatives {7} is also strictly defined, but
the principle of choosing F is not formalized and carries
elements of experience, intuition, subjectivity;

- a set {y} has no defined boundaries, can be
supplemented and modified, and there is no formalization

in the principle of choosing F, that is, we have a situation
of decision-making under conditions of uncertainty.

Thus, for the values {} ta F does not have exact

values and indications, but there is an assumption of
effectiveness and going beyond the limits of formalization.
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There is an initial set of alternatives {;((0)}. This

initial condition restricts the finite set of alternatives,
making the problem statement more concrete.

Another constraint that narrows the task of decision
making under uncertainty is that any alternative can be

evaluated in terms of its inclusion in {;(} . This is achieved

using the principle of choice F.

This achieves the invariance of the mathematical
description of the behavior of the elements of the
information architecture, which gives it universality.
Control alternatives are selected depending on the
situation, the assessment of which requires diagnostics.
The process of changing the state of the system over time
is determined by the dynamics of the transport system,
characterized by a multidimensional value y, which can
take on a number of values at hierarchical levels yeY .

Having designated the process dynamics parameter as
t, and the set of its values through T, we have teT,
where y = y(t). The process of transition of a system from
a state with a time parameter value t, into state S with
value t >t, we have

Stot(y(to N=y(t),yeY teT.

Having designated through the control action on the
course of the process of transport transportation from the
entire possible set of controls, we have

Se(y(tu))=y(tu)yeYteTuel.

Each individual management alternative can be as-
sessed by a specific number or value of the corresponding
criterion. Then the comparison of alternatives will be re-
duced to a comparison of the numbers corresponding to
them. Let us denote by x some alternative from the set X,
then for x € X a function can be given q(x), called the ob-
jective function and having the property that if the alterna-
tive x; preferable to alternatives x, i.e. x1>xp, that
q(x1) > q(x2).

If there are several ways to compare the obtained al-
ternatives or criteria, the most suitable one for a given sit-
uation is selected. Phenomenologically, this means that
there is a certain criterion in the hierarchies of which all
other properties of the system can be applied by reducing
information about them to a single generalized scale.

To formalize each alternative, it is necessary to use a
set of their target functions fi,  fa.../m,
m > 2, defined on a set of possible solutions X. These ob-

jective functions form vector criteria f . Each component
of the vector criterion f = ( fi.f,..T,), asarule, charac-

terizes some goal. The desire to achieve this goal in math-
ematical terms is expressed in maximization or minimiza-
tion of the function f;on the set X [4].

Taken together, the initial structuring determines the
a priori information | or information structure

I ={S,5,(S). X ,[X;cX,5eS]Y,[Y,cY,xeX],
G,qg(S|S xY),WO(Y x(SxX)),geG}
where S — set of states;
So(S) — probability distribution over a set of states;
X —many situations;
X, © X — restrictions on the admissibility of diag-
nostic alternatives depending on the condition s S ;

Y —a multitude of control alternatives;
Y, <Y — restrictions on the admissibility of control

alternatives depending on the situation x € X ;
G — many structural alternatives;
qg(S|S xY ) —transition function from SxY in S ;

wI(Y x(Sx X)) —utility function representing a pri-
ori preferences over alternatives y €Y and structural al-
ternatives g G .

This information structure allows us to create a simu-
lation model for managing transport operations under con-
ditions of uncertainty.

Mathematically, the problem of finding the best alter-
native x" is written as

X =argmaxq(x).
xeX

However, in practice, an alternative must be assessed
not by one, but by several criteria at once, which differ
qualitatively from each other. In this case, the search for
the necessary management alternative leads to the reduc-
tion of a multi-objective problem to a single-objective one.
This is achieved by introducing a scalar function of the vec-
tor argument go(x):

Ao(x)=do (ea(x).4o(x).qp(x))-..

This function allows you to arrange alternatives by
size (o and select the best one. The contribution of each
criterion to the values qo estimated using additive or multi-
plicative components

P

CI0=ZOZ_%,

i=1 i

., |

i-1 i

Here is the coefficient S; introduced to reduce the
right-hand side of the equations to a dimensionless form

The simulation model of control under uncertainty is
reduced to finding the best alternative x* in a multi-objec-
tive problem it comes down to maximizing the function
do(X):

X" = argmaxdg (g (x),6p(X),..- dp(X)) -

The construction of the IATL begins with its physical
description, which defines its mission, the need for its
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creation, the formulation of goals, the presence of the ex-
isting infrastructure, and consideration of the current situ-
ation. The physical description defines the boundaries of
the system and the components of the information technol-
ogy system, the interaction of modules and interfaces with
detailed specification. In practical use, the information ar-
chitecture is a modeling scheme for transport systems with
a vertical form of management and subordination in oper-
ational activities between elements and subsystems. With
the priority arrangement of elements from the top to the
bottlenecks in the lower part of the information architecture
scheme of transport logistics, the subordination of ele-
ments from the center inward is ensured. The choice of the
transportation scheme determines the interaction of their
structural components. Cargo transportation can be per-
formed either by one carrier from the moment of receiving
the cargo until the moment of its delivery to the consumer,
or by transferring it to other carriers at separate sections of
the route, i.e. stage-by-stage logistics transportation is im-
plemented. In this case, the divisions of the chain are re-
sponsible only for their section of work. The complexity of
organizing stage-by-stage logistics transportation is that it
is necessary to synchronize the actions for transportation
by other transport. In the case of an integrated system, the
use of sequences of different carriers, including modes of
transport, information requests to the main element can
come from any department. In this type of transportation,
the cargo is assigned to one transport operator, who selects
the route and method of delivery of the cargo, takes care of
the necessary documents and cargo insurance. The se-
quence of operations depends on the essence of a specific
task and goes to the information processing and transpor-
tation process management center. Such a system will be
multi-level and hierarchical.

A multi-level hierarchical structure is characterized
by a common corporate management system. Authority
and responsibility for each decision are transferred to the
level of the structure in which decisions are made that are
within the competence of this level. Coherence in cargo
transportation depends on the precise operation of the en-
tire logistics system. The effectiveness of such a structure
will be determined by the communication tools used, tak-
ing into account resource constraints and environmental in-
fluences. The advantages of a multi-level hierarchical
structure of transportation are that it is organized by one
company rather than several. In this scheme, information is
aimed at providing each level of the information architec-
ture with information about the processes taking place in
the logistics system.

The multi-level hierarchical structure of transporta-
tion includes three levels:

- the main level, which is the network infrastructure
for moving cargo until it is received by consumers

- the first level, which is the functional infrastructure
of the route section along which the cargo is transported

- the second level, which is the business processes oc-
curring at the workplace where logical operations are car-
ried out

A similar architecture of a three-level logistics infor-
mation system using the C# platform and an SQL database
is described in [20]. The main problem of managing com-
plex multi-level hierarchical structures is that all elements
of such structures function simultaneously and in combina-
tion, so synchronization with another type of transport is
allocated as a separate structural block.

The sequential division into parts of the route con-
trolled by the center in a multi-level hierarchical system
provides for the decomposition of information connectivity
between the elements of transport logistics. There is a di-
vision of responsibility for the implementation of manage-
ment operations.

It may happen that during the implementation of the
planned activities and plans, the content of the problem un-
der consideration may change, caused by complex interac-
tions with the environment. To eliminate or mitigate nega-
tive factors, the information architecture must provide for
the correction of management decisions. Information sup-
port requires constant monitoring of the transportation pro-
cess, provision of the necessary information and coordina-
tion of the actions of all participants in the movement of
cargo.

Information architecture includes conceptual tools
that determine the integrity of the product, navigation, ori-
entation priorities, decision points that determine the oc-
currence of the main scenario. The foundation of infor-
mation architecture is information. When constructing a di-
agram of the IATL, information is used as a collective term
for storing, transmitting, transforming and collating infor-
mation about the processes of transportation. The quantita-
tive representation of information is determined through
the probability of a possible event and is expressed through
the number of messages, operators and files in software.

When constructing a structural and functional dia-
gram of information architecture, the principle of con-
sistency must be observed, which allows for the unity and
continuity of the transportation process and an open infor-
mation space. architecture of transport logistics takes into
account the interaction between the elements.

The organizational component of the structure of the
information system that determine the order, internal struc-
ture and target orientation. It is the logical basis for con-
structing the information architecture. The functional pur-
poses of the organizational component are determined by
the optimization of the parameters of transportation.

Results and discussions

The IATL is built on a structural and functional or-
ganizational feature that allows for the formation of groups
of information objects based on an understanding of the fi-
nal needs, perception patterns, and features of transport lo-
gistics. The diagram of the structural and functional IATL,
compiled on the basis of these provisions, is presented in
Fig. 3.
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Information architecture of transport logistics
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Fig. 3. Scheme of structural and functional IATL
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Fig. 4 — Categorization of modules of the information architecture in real time

The use of information in the proposed functional
model highlights the following components:

- the presence of priorities in the application of input
information and software and hardware.

- the location and ranking of supporting subsystems
according to their importance in making decisions on trans-
portation conditions

- coordination of interactions

- the presence of logical subordination relationships
between the elements of the scheme

- alternation and sequence of functional procedures

- coordination of goals and interactions

- timely transfer of information

- development of uncertainty removal techniques.

Communication of information architecture modules,
in a certain format, is shown in Fig. 4.

Information on identification and information support
of the state of moving objects is used in software proces-
sors of service departments of links in the chain of transport
transportation. The scheme of structural and functional
IATL requires concentrated information for using
knowledge and technologies of the subject area of transport
transportation in conditions of uncertainty of the influence
of the external environment.

Modern innovations in the field of multimodal trans-
portation and information support are digitalization and au-
tomation of logistics processes, implementation of Internet
of things technologies, implementation of computer tech-
nologies.

Logistics of sea transportation is a system of proce-
dures aimed at their implementation and organization of
cargo delivery by sea. Transport logistics focuses exclu-
sively on the management of transportation and movement
of goods. While general logistics covers a wider range. In-
cluding inventory management, production and distribu-
tion of goods.

An example of modeling the information architecture
of sea transport logistics can be the organization of existing
information on the current state of sea transport logistics
by directions and current development trends in the context
of large volumes of unstructured and poorly formalized in-
formation (Fig. 5). The purpose of such a structure is the
introduction of information technologies into transport ac-
tivities. When constructing the information architecture
scheme, we tried to support the following principles: the
content of websites should be located in the order of their
subordination, the distribution of priorities is carried out by
the levels of the logical hierarchy.

In the presented scheme, it is proposed to use spread-
sheets, page templates, headings, satellite images, software
and hardware solutions, electronic document management
as tools for providing visual support. Information systems
of port facilities, operational management of vessel arrival,
transport, distribution centers of communication with other
types of transport, digitalization of operations can be used
as segmentation of the application of the maritime industry.

The information architecture of maritime transport lo-
gistics includes a combination of organization, labels, nav-
igation and search implemented in the information system.
Without information architecture, the content does not
have a logical division and clear ways of their implemen-
tation. The presented scheme creates a visualization of
page hierarchies, which can determine navigation and
search structure. Grouping information by topics of interest
using the proposed navigation, categorization and structur-
ing blocks helps users navigate messages of different prac-
tical content more effectively.

Prospects for further research lie in the construction
of information transport logistics schemes with detailed
filling of the columns of the proposed structuring and clas-
sification of features.
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Y emammi pozensinymo 3micmosni xapaxmepucmuxu inghopmayitiHol apximexmypu mpancnopmuoi 102icmuku K 3acooy
opienmayii Ha 6eO-calumax 3 GUKOPUCMAHHAM 8ION0GIOHUX iHmepgeticie ma dianocosux eikoH. Hasedeno nocicmuunuil
ma Qizuunuil onucu iHghopmayiino2o 3abe3neyents mpaHcnoOpmuux onepayii. 3anpononogano cxemy ingopmayitnor
apximexmypu mpaucnopmHoi 102icmuxu st CKIAOHUX Nepee3eHs, wo 30IUCHIOIOMbCS 8 YMOBAX HEGUIHAYEHOCTI 306-
HIWHIX 6NUGI6 cepedosuwya ma pusuxy. Ingopmayiina apximekmypa mpancnopmuoi no2icmuku no6y0oeana 3a cmpy-
KMYPHO-DYHKYIOHATLHOI OP2AHI3AYIiHOI0 03HAKOIO, WO 0036015€ PopMyeamu epynu iHPopmayiiHux 00'ekmie Ha oc-
HOBI pO3YMIHHSL KIHYeBUX nomped, 3aKOHOMIPHOCMEN CRPULHAIMMSA Ma 0coOIU80Ccmell mpancnopmuoi nozicmuxu. Bio-
MIHHOI0 0COOIUBICMIO 3ANPONOHOBAHOI CXEMU € KAmMe2opu3ayisi MoOyie iHopMayiunoi apximexmypu y nesHomy ¢op-
Mmami ma i adanmusHicms 00 308HIUHLO20 cepedoguud. Bukopucmanus ingpopmayii 8 3anpononoeatitl cxemi uoinsne
HACYNHI KOMNOHEHMU. HAAGHICb NPIOPUMemie y 3acmocy8anti 6XioHoi ingpopmayii ma npoepamHo-mexHivHux 3aco-
018, PO3MAWLYBANHS MA PAHICYBAHHA OONOMIJICHUX NIOCUCMEM 3a IX 8ANCIUBICINIO V NPULHAMMI PiUieHb Wo00 YMO8
MPAHCNOPMYBAHHS, KOOPOUHAYIS 83AEMOOIN, HAABHICMb 36 13K16 102IUHOI NIONOPAOKOBAHOCTNE MIJIC eleMEeHMAMU CXeMU,
uep2yeamnHs ma NOCIi006HICMb BYHKYIOHAbHUX NPoYedyp, KOOPOUHAYis yiel [ 63aEMOOIl, C60EHACHA nepedaid iHPo-
pmayii, po3podKa MemooOuK YCyHeHHsl HeGUHAUEHOCTI. 3anpONoHO8AHO T02ICIUYHY MAMEMAMUYHY MOOelb IHpopMa-
YIuHOI apximexmypu mpaHcnopmuux nepesesens, IHPOPMayitiHy CmpyKkmypy ma iMimayitiny Mooeib YNPAeiiHHs 8 YMO-
64X HEBUSHAYEHOCMI, WO BKIIOUAE B3AEMO38 SAZKU MIdIC YIIAMU, ANbINEPHAMUBHUMU 3AcoDamMU X 0OCACHEHHS Ma HAG-
HUMU pecypcamu. Bukopucmanns OCHOBHUX MeEOPEemUYHUX NPUHYUNIE MA OP2AHI3AYIIHO-MEMOOUUHUX NOLOIHCEHb NIO
uac cmeopenHst OJI0Ki8 IHPopMayitiHol apximekmypu 3a6e3neuye MONCIUBICMb KOPUSYBAHHS YAPABIIHCOKUX DiuleHb Ol
niosuujeHHs egheKmusHOCMI nepegezend 3a po3podIeHuUMU ma y3200ceHumu naanamu. Po3pobka mpancnopmuo-iocic-
MUYHUX cucmem iHQOpMayiiHoi apximexmypu 00360J5€ enubue 3p03yMimu CKIAOHI 83aEMOOIL eleMeHmis ycepeouni
cucmemu, OYiHUMU CMYNIHL NAUBY akmopie, sussumu 8y3vKi micys. Haykoeuil nanpsamok yvbozo acnexmy 6Kaouae
Memoou meopii 6UOOPY, eKCNePMmHUX CUCeEM, IMIMAaYitiHo20 MOOenI08AHHS, MAPKIBCLbKUX NPOYecis, OUHAMIYHO20 NpPo-
epamysants, meopii icop neuimkoi noeixu. Bci 6onu nos'sizani 3 6acamokpumepianbHuMu OYiHKamu nOmoyHoi cumyayii
ma marome y 00CACHeHHI AbIMePHAMUBHUX 8APIAHMIE KepyB8aHH MPAHCNOPIMHUMU NEPEBEe3eHHAMU eNeMEeHMU PUUKY.
Kniouosi cnosa: ingpopmayiiina apximexmypa, mpancnopmua 102iCmukd, mpaHcnopmy6eanHs, CmpyKmypHi cxemu, ¢y-
HKYIOHANbHUIL NIOXIO, HeBUSHAYEHICMb.
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