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Abstract

Background and purpose

Modern elite rugby is characterized by high variability of game situations, significant physical load, and stochastic
competitive demands, which require effective and adaptive training management systems. At the same time,
existing approaches are often fragmented and do not ensure integration of strategic, operational, and analytical
components. The purpose of the study was to develop and theoretically substantiate a structural-functional model
of training management based on a strategic—systemic—cybernetic approach.

Material and methods

The study was theoretical and modeling-based. Methods included analysis and synthesis of scientific literature,
system analysis, cybernetic modeling, and graph theory. A directed graph G=(V, E) was constructed, along with
adjacency and reachability matrices, and topological sorting was applied to determine the hierarchical structure of
the management system.

Results

A structural-functional model of training management for elite rugby teams was developed, integrating strategic,
tactical-operational, and information-analytical levels. It was established that the comprehensive control subsystem
occupies a central position in the system, concentrating the main information flows and acting as a mandatory transit
node in decision-making processes. Graph analysis confirmed its dominant structural role and integrative function
within the management system.

Conclusions

The proposed model enables the transition from fragmented and reactive management to an adaptive—predictive
approach. The integration of systemic, cybernetic, and strategic principles within a graph-based framework improves
the effectiveness, consistency, and scientific validity of decision-making in elite rugby training systems.

Key words: rugby, elite sport, training management, structural-functional model, cybernetic approach, graph
theory, decision-making
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AHoOTaNLIA

KBacHuua O, TuweHko B, BepitoB O, 3aypeH6ek b, KyHicb6ek [, Cokonosa /1, CkpunueHko |, Xongowesa A,
AcaHanieBa M, depeHuyK b. CTpaTeriyHO-cucTeMHO-KibepHeTUYHA MoAenb ynpaBaiHHA NiArOTOBKOK eniTHOI
KomaHgu 3 per6i: rpadosuit niaxig,

O6rpyHTYyBaHHA | meTa

CyyacHe eniTHe perbi XapaKTepU3yeTbCA BUCOKOK MIHAMBICTIO irPOBMX CUTyaUii, 3HauyHUM  isUyHMM
HABAHTAXKEHHAM Ta CTOXAaCTUYHMMM 3MarajibHUMM BMMOTamMM, WO BMMArae epeKTUBHUX Ta aLANTUBHUX CUCTEM
ynpaBniHHA TpeHyBaHHAMM. BogHouac, icHylodi nigxoau 4acto po3pisHeHi Ta He 3abesneuvyloTb iHTerpauii
CTpaTeriyHmx, onepauiiHMX Ta aHaNITUYHMX KOMMNOHEHTIB. MeToto AocnigKeHHAa 6yna po3pobka Ta TeopeTUyHe
06rpYHTYBaHHSA CTPYKTYPHO-OYHKLiOHaNbHOT MoAesi ynpaBaiHHA TpeHyBaHHAMM Ha OCHOBI CTpaTeriYyHo-CUCTEMHO-
KibepHeTn4YHOro nigxoay.

Marepian i metogun

JocnigrKeHHA 6yno TeopeTMYHUM Ta Mmogentorumm. MeToan BKAKOYANM aHani3 Ta CMHTE3 HayKoBOi fliTepaTtypu,
CUCTEMHUIM aHani3, KibepHeTUYHe MoaentoBaHHA Ta Teopito rpadis. byno nobyaosaHo opieHToBaHMIA rpad G=(V, E),
MATPULLI CYMIPKHOCTI Ta AOCAXKHOCTI, @ TAKOXK 3aCTOCOBAHO TOMO/OrIYHE COPTYBAHHA 418 BUM3HAYEHHSA iEPAPXiYHOI
CTPYKTYpU CUCTEMM YNpPaBAiHHA.

Pe3synbratn

Po3pobneHo cTpyKTypHO-YHKLOHANbHY MOAENb YNPaBAiHHA TPEHYBAHHAMM eNiTHUX KOMaHA 3 perbi, Aka iHTerpye
CTpaTeriYHUi, TAKTUMKO-oMepauinHuMi Ta iHGOpMaLiMHO-aHaNITUYHUA piBHI. BCTAaHOBAEHO, WO KOMMJEKCHA
niacuctema ynpasniHHA 3aMAE LLEHTPasIbHE NOJIOKEHHA B CUCTEMI, KOHLLEHTPYHOUM OCHOBHI iIHpOpPMaLLiHI NOTOKK
Ta BMUCTYNaoun 060B'A3KOBUM TPAH3UTHMM BY3/IOM Y NpoLLecax NpuiiHATTA pileHb. Fpadosumii aHani3 niaTeepams ii
OOMiHYOUY CTPYKTYPHY POAb Ta iHTErPaTUBHY QYHKLLiO B CUCTEMI YNPABAIHHA.

BucHoBKu

3anponoHoBaHa Mogenb 3abesnevye nepexis Bif PO3Pi3HEHOro Ta CUTYaTMBHOrO YMpasAiHHA A0 afanTUBHO-
NPOrHOCTUYHOrO NiaxoAy. IHTerpauia cUcTeMHUX, KiBepHETUYHUX i CTPaTeriYHUX NPUHLMNIB Y pamKax rpadosoi
CTPYKTYpU nNigBulLye edeKTUBHICTb, Y3roAKEHICTb Ta HayKoBYy OOIPYHTOBAHICTb MPUWHATTSA pilleHb B eNiTHUX
cucTemax TpeHyBaHb 3 perbi.

KnwouoBi cnoea: perbi, enitTHUIA cnopT, ynpaBAiHHA TPeHYBaHHAMMU, CTPYKTYPHO-OYHKLiIOHa/NbHA MoOAenb,
KibepHeTUYHUI Niaxia, Teopis rpadis, NPUAHATTA pilleHb

AHHOTAIIMA

KeacHuua O, TuweHKo B, Beputos O, 3aypeH6eK b, yHucbek [, Cokonosa /1, CkpunueHKo U, ongowesa A,
AcaHanueBa M, ®epeHuyK Bb. CTpaTtermyecku-cuctTeMHo-KMbepHeTUYeCcKaa MoAenb ynpas/ieHUA NOAroToBKOM
3NUTHOI perbuitHo KoMmaHAbl: NoAxoA Ha ocHoBse rpados

O6ocHOBaHMe 1 Lenb

CoBpeMEHHbIA 3AUTHbIN perbu XapakTepusyeTca BbICOKOM WU3MEHUYMBOCTbIO MIPOBbLIX CUTYALMI, 3HAYMTE/IbHOWN
bU3NYECKO HarpysKoW M CTOXaCTUUECKMMMU TpeboBaHMAMM K COpPEBHOBAHMAM, 4YTO TpebyeT 3pdeKTUBHBLIX U
a[anTUBHBIX CUCTEM  YNpaBieHWA TPeHMpOBKaMW. B TO ke Bpemsa cyuwecTBylowue MoAXodbl 4acto
bparmeHTMpoBaHbl M He obecneynBaloT MHTErpauuio CTpaTerMyeckux, OMepaTMBHbLIX W AHANUTUYECKUX
KOMMNOHeHTOB. Llenbto uccnenoBaHus 6bino  pa3pabotate M TeopeTMyeckM 06OCHOBATb  CTPYKTYPHO-
dYHKUMOHANbHYIO MOAENb YNPaBAEHUA TPEHUPOBKAMM Ha OCHOBE CTPaTErMyecKuU-CUCTEMHO-KMBEPHETUYECKOTO
nogxoaa.

Marepuan n metoapl

NccnepoBaHe HOCMIO TEOPETUYECKUI U MOAENbHBIA XapakTep. MeToabl BKAOYAIM aHaA/IM3 U CUHTE3 Hay4YHOWM
NUTepaTypbl, CUCTEMHbIN aHanu3, KUbepHeTUYecKoe MoLenupoBaHWe U Teoputo rpados. bbin nocTpoeH
OpPUEHTUPOBaHHbIN rpad G=(V, E) BMecTe c MaTpuLaMU CMEXKHOCTU U OOCTUNKMMOCTU, a ONA OnpeaeneHus
MepapxmMyecKoi CTPYKTypbl CUCTEMBI YNipaB/ieHMA bbla NPUMeHeHa TONON0rMYecKas CoOpTUPOBKa.

Pe3synbtathbl

PaspaboTaHa CTpPYKTYpHO-PYHKUMOHANbHAA MOAENb YNpPaBAeHUs TPEHUPOBKAMWM 3/UTHbIX KOMaHZ Mo perobw,
MHTErpupylowaa CTpaTermyeckuit, TaKTUKO-OMEpPaTMBHbIK U MHPOPMALMOHHO-aHANUTUYECKUIA  YPOBHMU.
YCTaHOBNEHO, YTO KOMMJIEKCHAA NOACUCTEMA YNPAB/IEHMA 3aHUMAET LLeHTPa/IbHOE MECTO B CUCTEME, KOHLLEHTPUpPYA
OCHOBHble MHPOPMALMOHHbIE MOTOKM M BbICTYNaA B KayecTBe 06s3aTe/IbHOTO TPAH3UTHOMO y3na B npoLeccax
NPUHATUA pelleHnin. TpadoBblli aHann3 NoATBEPAUN ee AOMUHUPYIOLWYIO CTPYKTYPHYIO POSb U UHTErPaTUBHYIO
dYHKUMIO B CUCTEME YIPABAEHUA.

BbiBOAbI



MpepnoxkeHHas mogenb obecneymBaeT nepexos OT PaspPO3HEHHOTO U CUTYATUMBHOMO ynpasiaeHUa K afanTUBHO-
NPOrHOCTUYECKOMY noaxoay. MHTerpaumsa cUCTEMHbIX, KWOEPHETUYECKUX U CTPaTErMUYECKUX NPUHLMMOB B PaMKax
rpadoBoi moaenu nosbiwaeT 3¢pHEKTUBHOCTb, COMTACOBAHHOCTb M HayYHY0 06OCHOBAHHOCTb MPUHATUA peLleHU
B CMCTEMAX TPEHMPOBOK 3/IMTHbIX KOMaHA, Mo perbu.

KnioueBble cnoBa: perbu, 3/IMTHbIN CNOPT, yNpaB/ieHWe TPEHUPOBKAaMM, CTPYKTYPHO-PYHKLMOHAbHAA MOAEeNb,
KnbepHeTMyeckuii noaxos, Teopus rpados, NPUHATUE peLlEHUI

Introductions

Rugby, as a highly dynamic team sport, requires a comprehensive approach to training. At the same
time, traditional models of training management are often fragmented and intuitive and do not correspond
to the modern dynamics of competitive activity.

The relevance of the problem lies in the lack of an integrated, adaptive, and strategically oriented
management model that would combine the physical, technical-tactical, medical-biological, and analytical
aspects of training into a single managed system.

Modern elite rugby is characterized by a high level of physical contact, variability of game
situations and stochastic competitive requirements, which significantly increases the importance of
effective management of the training process. The effectiveness of teams is determined not only by the
level of preparedness of athletes, but also by the quality of management decisions, the accuracy of
information support and the ability of the system to adapt quickly to rapidly changing conditions of
competitive activity.

Training management in rugby, despite the development of analytical technologies, often remains
fragmented. The subsystems of physical, medical-biological, psychological and tactical training often
operate in isolation, resulting in a gap between strategic goals and operational decisions and reduces the
adaptability of the system.

The relevance of the problem is increasing by the nonlinear nature of loads, high risks of
overloading and the need for operational tactical adjustments. Under such conditions, linear planning
models are insufficient, which necessitates for integrative approaches to management.

In modern research on sports management, systemic, cybernetic and strategic approaches are used.
The systemic approach provides structuring of training subsystems, the cybernetic approach contributes to
control and feedback mechanisms, and the strategic approach defines long-term development goals.
However, their application is mostly isolated and that limits the effectiveness of management in highly
dynamic sports.

In this regard, the integration of these approaches into a single management model, in which
complex control acts as an information and analytical core, ensuring the coordination of decisions among
the strategic, tactical-operational and analytical levels, is of particular importance.

The solution to this scientific problem necessitates the theoretical and methodological
substantiation and modeling of a modern management system for the training of elite rugby teams based
on the integration of strategic, systemic and cybernetic approaches.

Modern training of elite rugby teams is considered as a multi-level system, the effectiveness of
which is determined not only by the quality of individual training influences, but also by the consistency of
strategic planning, operational control, analytical support and timely correction of management decisions.
In the scientific literature there are several leading directions of understanding this issue.

Within the framework of the systemic approach, sports training is interpreted as a holistic,
hierarchically organized system of interconnected components, in which the result is formed not by
individual elements, but by the nature of the connections between them. In works devoted to the general
theory of sports training, the need to consider the training process as a multi-component structure, including
goals, means, loads, control, adaptation and recovery, is emphasized. It is the systemic approach that creates
a methodological basis for structuring training subsystems and determining their functional hierarchy. At
the same time, its possibilities are mainly focused on describing the organization of the system, while the
mechanisms of operational response to changes in the state of athletes and the dynamics of the competitive
environment are not sufficiently disclosed. The classic works on the theory of sports training by Platonov,
Issurin and Bompa laid just such a systemic vision of the training process [1-3]. However, while these
classical frameworks provide a robust theoretical foundation, contemporary elite sport increasingly requires
their integration with data-driven and adaptive approaches, reflecting the shift toward real-time decision-
making and complex system interactions.



The cybernetic approach focuses on the mechanisms of management, information circulation,
control and feedback. In modern elite sport, the feedback is considered a key condition for timely correction
of training, and the use of monitoring and tracking systems is regarded as the means of supporting objective
decision-making regarding load, recovery and risks [4]. Reviews of team sports show that data from
tracking systems can be used to describe, plan, and monitor external load, but their practical value is
determined not by the fact of collecting information itself, but by its integration into logic of management
[5, 6]. Similarly, systematic feedback in training can enhance the adaptive effect and increase the
effectiveness of the decisions of a coach. Thus, the cybernetic approach provides a dynamic circuit of
“control — analysis — correction”, but without a system architecture and strategic framework it is often
reduced to fragmentary monitoring of individual indicators [7, 8].

Recent studies emphasize the growing role of wearable technologies (e.g., GPS tracking systems,
inertial sensors, and collision monitoring devices) in elite rugby. These tools enable real-time assessment
of external and internal load, providing a basis for adaptive training adjustments and individualized load
management strategies [9, 10]. These technologies are no longer limited to descriptive monitoring but are
increasingly integrated into decision-support systems, enabling dynamic load adjustment based on real-
time indicators such as player tracking metrics, collision frequency and neuromuscular fatigue markers.

The strategic approach is associated with long-term goal-setting, coordination of resources, stages
of preparation and models for achieving sports results. Studies of modern performance preparation models
emphasize that an effective training system should combine work on different time scales — from daily
practice to long-term development of athletes and a team. Such approaches focus a coach not only on the
current state of the performers, but also on the prospective construction of the process, taking into account
the competitive calendar, environmental constraints and expected results. At the same time, the strategic
approach often remains insufficiently formalized: it outlines the vector of development, but does not always
contain a clear set of tools for implementing, monitoring and adapting decisions in real time [11-13].

A separate group is the studies in which team sports and sports organizations are considered as
complex adaptive systems. Such works emphasize hierarchical organization, multilevel interactions,
circular causality and the dependence of the result on the context, which is especially important for highly
dynamic sports. For team games, this means that training management cannot be reduced only to a linear
sequence of “plan — execution — evaluation”, but requires the integration of structural organization, analytics
and adaptive regulation [14, 15]. In line with these perspectives, contemporary research increasingly adopts
an ecological dynamics framework, which emphasizes the interaction between athletes and their
environment. This approach shifts the focus from rigid, pre-defined training structures toward adaptive,
context-dependent performance development, where behavior emerges from continuous interactions within
the system. Such a perspective reinforces the need for integrated and flexible management models capable
of responding to the dynamic nature of elite rugby. This paradigm fundamentally challenges linear and
reductionist training models, emphasizing that performance emerges from continuous athlete—environment
interactions, thereby requiring flexible and non-linear management systems.

For rughy, this problem is of particular importance, as the game is characterized by high contact,
significant variability of game situations, a combination of physical, technical-tactical and psycho-
functional requirements, as well as the need for operational use of analytical information in training and
competition processes. Reviews about performance analysis of rugby union and elite rugby league confirm
that analytics has already become an important part of practice, but existing approaches are mainly focused
on individual aspects of assessment or support for coaching decisions, rather than on a holistic management
model that would combine the strategic, systemic and cybernetic levels into a unified architecture [16, 17].

Thus, the analysis of scientific literature has shown that the systemic approach provides a structural
understanding of training, the cybernetic approach — control and feedback mechanisms, and the strategic
approach — a long-term logic of development. However, in modern research, these approaches are
considered mostly in isolation. Despite the existing scientific achievements, there are no works in which
the systemic, cybernetic and strategic approaches would be integrated into a single formalized management
model for the training of elite rugby teams. It is this scientific niche that has determined the need to develop
a structural-functional model of training management of elite rugby teams, based on the strategic-systemic-
cybernetic approach [18].

Purpose: is theoretical and methodological justification and development of a structural and
functional model of elite rugby teams training management based on the strategic-systemic-cybernetic
approach.

Material and methods



The study is theoretical and modeling-based in nature. Empirical observations were used as a
supplementary method to support the interpretation of management processes in elite rugby teams.

Research design: analysis and synthesis of scientific sources in the field of sports training theory,
systems analysis, management cybernetics and strategic management. Systems analysis was used to
allocate the structural components of the training process and to determine the hierarchy of management
subsystems.

Modeling approach. To represent the training process as a complex hierarchical system, systemic
and cybernetic (for control and feedback mechanisms) modeling was applied. Mathematical and graph
modeling included the construction of a directed graph

G=(V,E)
where: G — directed graph representing the training management system; V — set of vertices (subsystems);
E — set of directed edges representing information and control interactions.

In the proposed model, vertices correspond to the main functional subsystems (such as training,
medical and biological support, psychophysiological monitoring, and the analytical module), while edges
reflect the information and control interactions between them.

To better understand the role of each subsystem, the number of incoming and outgoing connections
was analyzed (in-degree deg (v) and out-degree deg'(v)). This makes it possible to identify key elements
of the system that concentrate data streams, in particular the comprehensive control subsystem.

The adjacency matrix A = [a;;] was used to describe direct connections between subsystems.

A=Tai] Formula (1)
where: A — adjacency matrix representing direct connections between subsystems; a;; — element indicating
the presence (1) or absence (0) of a direct connection between subsystem i and subsystem j.

In addition, the reachability matrix R = [r;j] was applied to determine whether information can be

transmitted between subsystems through direct or indirect links.

R = [ri] Formula (2)
where: R — reachability matrix (transitive closure of adjacency matrix A); r; — element indicating the
existence (1) or absence (0) of a direct or indirect path between subsystems i and subsystem j.

This allows a clearer understanding of how information circulates within the system and supports
decision-making processes.

Graph theory methods. Graph-based modeling was selected as it allows formal representation of
complex interactions among management subsystems. Adjacency and reachability matrices were used to
analyze structural connectivity and information streams. Topological sorting (the Demukron algorithm)
was applied to determine the hierarchical structure and sequence of information processing.

Results

The adjacency matrix (Fig. 1) was used to quantify the direct structural connections between
control subsystems and to identify the nodes with the highest level of connectivity. The analysis of the rows
and columns of matrix A showed that the vertices, associated with complex control, were characterized by
high total connectivity, which corresponds to their high information centrality and minimization of the
length of information transmission paths between the strategic and tactical-operational levels of
management.

Table 1
Adjacency matrix A = [a;] representing direct connections between subsystems
From\ To |V2|V3|V4|Vs5|Ve|V7|Vs|Vo|V10|V11| V12| V13| V14| V15| Vie
Vi 117170000 jOjJOJO0O]JO]JO]1]O0]1
V2 o0jo0o)11j]0j0fO0jO0OjJOJ0O}JO}JO}JO}O]O
Vs 0j0011}j0|j1|OjOjJOJO0O]JO}JO}JO}]O]O
Vi ojojfoy1y1jo0j1rg1p1jo0j303010731710
Vs 0j0,0/0j0j1f1j1ry191j030j0j30790




From\To |V:|V3|V4|Vs/ Ve V1) Vs Vo|Vio| V11| V12| V13| V1ia| V15| V16
Vs 0/0j0j0}j0j0j0J0O}1})1}0}]1,0}0)0
\%} 0/0j0j0}j0}0j0OJ1}1})1}0}J0,0}1]0
Vs 0/0j0j0}j0}0j0OJ1}1})J0}0}J0O,0}1]0
Vo 0/j0j0j0}j0}1j0J0}1})1},0}J0,0}07)0
Vio 0/0j0j0}j0j0j0J0O}j O} L1 }1}J1,0}0)0
Vu 0/0/0]j0}]0}0J0OJO}JO}JO}1]J0O,0}0)O0
Vi ryoj1jptrpr,1p1j14030,0}1,0(01}0
Vis 0j0j1}1}j0,0j0j0}J 0} 0}0}J0,0}0]0
Vi4 1/0j0}j]0}j0/0}j0}j0fJ 0O} 0O, 0}]0,0]0}O0
Vis 0/0j0]j0}]00j0OJO} 141} 1]J0,0}07]0
Vis 0{0,0j0}J]0]0/0}J0}J O 0O}]0O)0]O0}0)} 0

Notes: Interpretation of model components (V,): Vi: strategic planning (goal setting and resource allocation);
V>—V.: nodes forming general management decisions, following the information-analytical block according to
topological sorting; Vs—Vs: functional training subsystems (training process; medical and biological support;
psychophysiological monitoring; technical and tactical preparation; analysis of competitive activity);Vio:
comprehensive control (CC) — central information-analytical core of the system; Vii: database (storage and
systematization of incoming information); Vis: analytical module (data processing for decision-making support); Vis:
feedback mechanisms (closing the control loop); Vis—Vis: external influencing factors (regulatory, scientific, and
socio-economic conditions) affecting strategic decisions but not directly involved in operational feedback cycles.

The adjacency matrix A = [a;;] provides a quantitative representation of direct structural connections
between management subsystems. In this matrix, a; = 1 indicates the presence of a direct connection
between subsystems, whereas a;; = 0 indicates the absence of such a connection.

The distribution of unit values (1) across rows and columns reflects the level of connectivity of
each subsystem within the overall structure. Subsystems characterized by a higher number of connections
can be interpreted as structurally significant elements of the management system, due to their greater
involvement in information exchange and coordination processes.

The analysis of the adjacency matrix revealed that the node corresponding to comprehensive
control (Vi) has the highest degree of connectivity, receiving inputs from multiple subsystems and
redistributing information across the system. This confirms its role as a central coordination node ensuring
efficient information exchange between strategic and tactical-operational levels.

The adjacency matrix A=[aij] showed that the vertex Vio (CC as IS) has a high input degree
(information from trainings, medical, psychological subsystems) and a high output degree (data transfer to
the database, analytics, feedback): the vertex Vi (analytical module) is the second most connected,
integrates data for decision-making; the vertex Vis (feedback) closes the control circuit; according to the
topological sorting of Demukron, the nodes Vie—V12—V1s will be located before the levels Vi—Va4, that is,
they will form the informational pre-support of management (Table 1).

Additional use of Reachability matrix R (transitive closure of adjacency matrix A), which reflects
the availability of directed paths among the vertices of the graph, made it possible to establish that most
management chains pass through the subgraph Gkk. This indicates that integrated control plays the role of
a mandatory transit node in the process of forming managerial influences and feedback (Figure 2). The
reachability matrix was constructed to analyze directed information pathways within the management
system. The reachability matrix demonstrated that most control pathways pass through the comprehensive
control subsystem, confirming its role as a central integration node.

In particular, the vertex Vio (complex control) is characterized by high reachability both in terms
of incoming and outgoing connections, receiving data from subsystems Vs—Vo, Vui—Viz, Vis and
transmitting information to the coaching staff, management structures and the analytical module. This
reveals its integration role in the system. At the same time, the vertices of the external level (Via—Vie)



influence the system, but do not always participate in closed feedback circuits, that reflects the real
conditions of training management. Reachability matrix R looks like this (under the condition of transitive
closure) (Table 2).
Table 2
Reachability matrix R = [r;j] representing the accessibility of directed paths between subsystems for the
analysis of information and control pathways

From\To | Vi |Va|Vs|Va|Vs|Ve|Vs|Vs|Ve|Vio| V11| Viz | Vaz | Via | Vas | Vie
Vi 1j1p1j1}j1}j1)1}321)1}1 )11 1}1)1 1
V, oj1j1y1321)1}j1)1§j21})1}1)151})07]1 1
V3 ojoj1y1j21)1}j1)1j2)1}j1)111)07]1 1
Va ojojojy1jJ1)1j1)1j1}) 11314513071 1
Vs ojojojyoj1)1}j1)1§j212})1}j1)141})07]1 1
Vs ojojojojyoj12j0j0J1}j1)14)1})1)0/ 1 0
Vy ojojojojojo0j1y0f2})1j1)14p1})07]1 0
Vs ojojojojojojo0j1j1j1}j1y1p1)07]1 0
Vo ojojyojojojyojo0yo0fp1}j1)1)1}p1)0/ 1 0
Vio o,o0joyjojojo0jo0f0joO}1}j1,1231)074}0 0
Vi ojojoyojojyo0jojojojo0}j12pr1y1,09]oO0 0
Viz 191112111211 })12fp1})1})1)1 1 1
Vis ojojoj1j1j1j1)1j1})1}p1)1 110} 1 1
Via ojojojojojojojopopo0joO0jpojpo0}p1}oO0 0
Vis ojojojojo0)j0}j0j0jO} |11} 1})07]1 0
Vie ojojojojojo0jojoyjo0fy0joO0}jO0O)0}O0]|O 1

Notes: interpretation of the model components (V.) is provided above (see Table 1).

The reachability matrix R = [r;j] reflects the existence of direct and indirect paths between all
vertices of the graph. In this matrix, r; = 1 indicates that information can be transmitted from subsystem i
to subsystem j through one or more intermediate nodes, whereas r;; = 0 indicates the absence of such a
pathway.

This representation makes it possible to analyze the integrity of information chains, identify key
transit nodes, and evaluate the overall connectivity of the management system. Graph modeling revealed a
hierarchical structure of the elite rugby team training management system. The system is organized at three
interconnected levels: a strategic level, responsible for setting goals and allocation of resources; a tactical-
operational level, which ensures the planning and implementation of training and competition events; and
an information-analytical level, which integrates data streams and supports decision-making through
feedback mechanisms.

The identified functional roles of each management level and their contribution to the integrity of
the system are summarized in Table 3.

Table 3
Functional roles of management levels in the proposed model

Management level Functional role Resulting effect

Strategic Goal setting and resource allocation Long-term coherence




Tactical-operational Implementation of training and competition Process execution

Information-analytical Integration, analysis and feedback Adaptive—predictive control

The presented distribution confirms the hierarchical differentiation of management functions and
highlights the integrative role of the information-analytical level in ensuring adaptive and predictive
control.

The functioning of the complex control as the information management system gets a formalized
representation in the form of a directed graph,

G =(V.E),

which describes the structure and dynamics of a team training management. The set of vertices V represents
the structural control subsystems and information and analytical components, and the set of arcs E
represents the directed information, control and feedback links among them. Such a representation allows
us to consider training management as a discrete dynamic system with structurally defined information
streams. In terms of the graph model, the vertices corresponding to the complex control, analytical module
and feedback mechanisms and are characterized by increased information centrality, since it is through
them that the main data streams between the strategic and tactical-operational levels of management pass.
The arcs of the graph reflect the control and information interactions that ensure the closure of the
cybernetic circuits “analysis — decision — correction”. Thus, the directed graph G=(V,E) not only illustrates
the structural organization of the control system, but also substantiates the key role of complex control as
an information core that integrates data from different subsystems, transforms them into control signals and
ensures adaptability and consistency of management decisions. Formalization of control in the form of a
graph structure allows us to move from a descriptive idea of control to a mathematically based model of
the functioning of the information system for managing the training of elite rugby teams.

Thus, graph-based analysis provides a formal justification for the transition from structural
description to system-level representation. The identified patterns of connectivity, reachability, and
centrality allow us to synthesize a single structural-functional model of learning management that integrates
all subsystems within a single coordinated structure (Figure 1).

Strategic Planning

Training Process | 4 Performance Analysis

\ /
Comprehenswe

Control \
> Technical—Tactical
Training J

Medical & Biological
\ Support

Psychophysological
Monitoring ‘

Figure 1. Structural-functional model of training management based on graph representation

The vertices of the graph correspond to the key training subsystems, including strategic planning,
training process, medical and biological support, psychophysiological monitoring, technical and tactical
training and analysis of competitive activity.

The topology of the graph indicates the dominant position of the “complex control” vertex,
through which the main part of the information streams passes. This makes it possible to consider it as a
central element of the system, providing integration of disparate data and support of coordinated
management decisions at all levels.



Such an organization of the system enables a transition from fragmented management to the
adaptive and prognostic model is capable to respond effectively to the dynamics of the training and
competition process.

An information-analytical subgraph is formed within the graph
GKKz(Vccx Ecc),
which includes vertices corresponding to complex control, database and analytical module. The analysis of
the structural characteristics of this subgraph indicates its dominant role in the overall control architecture.
In particular, vertices v € VKK are characterized by increased values of input and output degrees

deg—(v) ((number of incoming links)) i deg+(v) (number of outgoing links),

which indicates the concentration of the main information streams in them and establishes their function as
data integration nodes.

It is through the information-analytical subgraph that the main information streams pass,
combining the strategic and tactical-operational levels, ensuring the coordination of management decisions
and the closure of feedback. The use of topological sorting procedures confirms the hierarchical
arrangement of the vertices of complex control at the early stages of the information processing sequence,
which provides informational pre-support for decision-making. In the cybernetic interpretation, this means
that it is through the specified subgraph that the key feedback circuit are closed, which ensure the
adaptability and stability of the management system.

A formalized analysis of the connectivity and accessibility of system elements confirmed that
most managing chains pass through the complex control subsystem, which indicates its function as a
mandatory transit node in the process of forming management influences and feedback.

Graph analysis showed that the information and analytical block, represented by a complex
control subsystem and associated data and feedback modules, forms the structural core of the control
system. This subsystem concentrates the largest number of input and output information streams, ensuring
the integration of training, medical and biological, psychological and competitive data into a single decision
support system. Such a configuration allows early detection of maladaptive tendencies and supports
adaptive and predictive regulation of the training process in conditions of stochastic competitive
requirements.

The hierarchical ordering of the control structure demonstrated that the integrated managing
subsystem occupies a central position between operational training activities and strategic decision-making.
Its role in providing informational pre-training of management decisions and closing the cybernetic
feedback cycle, which is important for maintaining system stability in high-contact team sports such as
rugby.

External regulatory, scientific, and socio-economic factors were identified as contextual
influences that modulate strategic decision-making without direct involvement in operational feedback
cycles, reflecting the real limitations of elite team training.

As a result of graph modeling, a hierarchical structure of the management system was established,
which includes strategic, tactical-operational, and information-analytical levels, integrated through
feedback mechanisms. Such structure ensures the coordination of goals, resources, and training influences
within a single managed system.

Algorithmic analysis of the management hierarchy confirmed that complex control is located in
the central layer of the system, providing informational pre-support for management decisions and closing
cybernetic feedback loops.

As a result of the modeling, the following was established:

— the structural configuration of the training management system for elite rugby teams in the form
of a directed graph G=(V, E);

— the dominant role of complex control as the structurally central information and analytical core
of the system;

— the presence of integrated feedback circuits among the strategic, tactical-operational and
analytical levels of management;

— the possibility of transitioning from a reactive to an adaptive-predictive model of training
process management.

Summarizing the results obtained, it should be noted that the proposed model formalizes the
management of the training of elite rugby teams as a holistic hierarchically organized information-driven
system. It is the presence of an integrated information-analytical core that ensures the coordination of



strategic goals, tactical and operational decisions, and feedback mechanisms, which creates the
prerequisites for the stable functioning of the system in conditions of high variability and stochasticity of
competitive activity.

The results are interpreted taking into account the specifics of rugby as a high-contact sport with
a complex structure of game activity and do not provide for direct transfer to sports with other models of
competitive load without appropriate adaptation.

Discussion

The novelty of this study lies in the integration of system, cybernetic, and strategic approaches
into a unified graph-based model of training management, providing a formalized representation of
information exchange and decision-making processes.

The obtained results are consistent with modern ideas about team sports as complex adaptive
systems in which the result is formed due to the interaction of many interconnected components. These
findings are also consistent with ecological dynamics approaches, which view performance as an emergent
property of interactions between the athlete, task, and environment, further supporting the need for adaptive
and integrated training management systems. Thus, in the studies of Duarte et al. (2012) showed that the
effectiveness of game activity is determined not by individual indicators, but by the coordination dynamics
of the system, which fully corresponds to the hierarchical and interconnected structure of training
management identified in our study [19].

The research results are also related to modern approaches to monitoring and analysis in team sports
[20-22]. Some authors emphasize that the use of tracking technologies and analytical systems allows to
obtain objective data on training and competition activities [23-25]. However, in these works, the focus is
on the collection and interpretation of data, while in the present study, their structural integration into a
single control system, where complex control acts as a central information-analytical node, is additionally
substantiated.

An important aspect is compliance with modern concepts of cybernetics, according to which
complex systems are functioning on the basis of mechanisms of feedback and information regulation [26,
27]. Thus, Lv et al. (2025) [28] showed that the feedback increases significantly the effectiveness of
training, and Ranaweera et al. (2022) [29] showed that the management of athletes’ training is based not
on individual decisions, but on the information circulation system. Differing from the specified approaches,
this study expands the existing approaches, moving from the identification of the inefficiency of
information streams to the development of a unified and mathematically based training management model
capable of integrating data, feedback mechanisms, and decision-making processes within a single structure.
We have proven that feedback mechanisms have not only functional, but also structural significance, being
built into the control system through closed circuits in the graph model. In accordance with these provisions,
management of the training process should be considered as a continuous cycle of information processing
and adaptive correction, which is reflected in the proposed model.

The obtained results are also agreed with the research aimed at the application of artificial
intelligence and machine learning methods in the analysis of sports activities. Modern reviews show that
predictive analytics allows you to predict the results and risks of injury [30-32]. At the same time, these
works lack a formalized representation of the management structure into which such models are integrated.
In this study, such a structural basis is proposed, which allows considering analytical tools as a part of a
single decision-making system. In recent years, machine learning approaches have shifted from traditional
statistical models to deep learning architectures, including recurrent neural networks (RNN) [33, 34], long
short-term memory (LSTM) models [35, 36] and ensemble learning approaches (e.g., XGBoost) [37, 38],
which enable the identification of non-linear relationships between workload parameters and injury risk.
These models significantly enhance predictive accuracy and allow early detection of maladaptive states in
athletes.

From the standpoint of the classical theory of sports training, the research results develop the
provisions of periodization concepts [39-41], which describe the temporal organization of the training
process. Unlike to them, the proposed model adds the temporal structure with a spatial-structural and
information dimension, allowing to analyze not only the sequence of loads, but also information streams,
control mechanisms and interconnections between subsystems.

In the context of research directly devoted to team game sports, it was found that the existing
works are mainly directed to the analysis of game indicators, physical qualities and competitive activity



[42, 43]. Despite the high information content of these works, they are predominantly analytical in nature
and do not offer a comprehensive model for managing the training process.

Furthermore, the results are consistent with the studies examining the effectiveness of
multidisciplinary athlete support teams, which highlight the need for coordination among different
specialists [44, 45]. In the proposed model, this coordination is implemented through the information and
analytical core of the system, which ensures the consistency of management actions at all levels.

The results of the study are also supported by research on the psychophysiological characteristics
of athletes. It has been shown that the functional state and psychophysiological characteristics of athletes
are highly variable and depend on a variety of factors, including training load, playing role, and
physiological characteristics [46-49]. This confirms the need for continuous monitoring and adaptation of
the training process, which in the framework of this study was implemented through a comprehensive
control system.

Similarly, the modern research in the field of sports analytics aim to integrate various indicators
and identify patterns in gaming activity [50, 51]. However, they lack a formalized representation of a
management system that combines the processes of analysis, decision-making and feedback.

Thus, our data do not contradict existing scientific data, but rather complement it, demonstrating
that effective management of rugby team training requires the integration of systemic, cybernetic, and
strategic approaches within a single structural-functional model.

The results obtained in this study expand these approaches by shifting the focus from the analysis
of individual indicators to the study of training management, that allows to integrate the heterogeneous data
into a single decision-making system [52, 53].

Further support for these findings can be found in contemporary research on the application of
graph methods and systems analysis in team sports. For example, Russo et al. (2025) demonstrated that
graph models are effectively used to analyze player interactions and the structure of game actions [54].
However, these approaches are limited to the analysis of competitive activity and do not extend to training
management. In contrast, in this study, a graph model is used to formalize a training management system,
allowing us to describe not only interactions but also information streams and management links between
subsystems.

The results of the study also relate to the studies examining team sports from a systems
perspective. In particular, Piepiora et al. (2025) emphasize the need for a holistic analysis of the team as an
interconnected system in which individual elements cannot be considered in isolation [55]. However, these
studies are primarily conceptual in nature and do not contain formalized management models, whereas in
this work the systems approach is implemented through a structural-functional model.

Similar ideas for integrating various components of training are presented in the work of Kannan
(2026), where the need for a synergistic combination of training effects within the framework of
periodization models is substantiated [56]. However, this approach is limited to the organization of training
loads information management and feedback mechanisms and does not encompass information
management and feedback mechanisms. In contrast, the proposed model integrates structural organization,
control mechanisms and strategic planning into a single management system.

Thus, whereas existing studies that consider either individual aspects of analysis or the conceptual
foundations of the systems approach, this study proposes a formalized training management model based
on the integration of graph analysis, cybernetic principles and strategic planning.

This confirms that the system operates through centralized information flows, reinforcing the role
of comprehensive control as a mandatory transit node. The developed strategic—systemic—cybernetic model
of training management for elite rugby teams can be directly used by the coaching staff as a tool for
integrated planning, monitoring, and adjustment of the training process. From a practical perspective, the
proposed graph-based model should not be interpreted solely as a theoretical abstraction, but rather as a
formalized representation of real management processes in elite rugby teams.

First, the model addresses the problem of fragmentation between specialized subsystems. In
practice, medical, coaching, and analytical staff often operate with partially disconnected information. The
proposed structure integrates these components through a unified information-analytical core, ensuring
timely data exchange and coordinated decision-making.

Second, the central position of the comprehensive control subsystem contributes to the
objectification of management decisions. By concentrating multiple coordination mechanisms within a
single analytical node, the model reduces reliance on intuitive judgments and supports evidence-based
adjustments of the training process.



Third, the presence of closed feedback loops within the system allows early identification of
maladaptive responses, including signs of overtraining or performance decline. This creates conditions for
proactive intervention and continuous regulation of athlete preparation. Thus, the model can be interpreted
as a “digital shadow” of the training management system, reflecting both its structural organization and
dynamic information processes.

At the strategic level, the model supports long-term goal setting and resource allocation, ensuring
alignment between training processes and development priorities. At the tactical-operational level, it
enables planning and adjustment of training cycles based on real-time data from the comprehensive control
subsystem. The integration of multidimensional data into a unified information platform allows coaches to
make decisions based on system-level interactions rather than isolated indicators.

The model enables early detection of negative trends, prediction of training effects, and adaptive
adjustment of training processes.

Thus, the model transforms training management from an intuitive-reactive approach to a system-
based and predictive one, increasing decision-making efficiency under conditions of high variability in elite
rugby.

In the proposed model, comprehensive control is interpreted as an integrated information-analytical
system rather than a separate evaluation tool. It ensures continuous data collection, integration, and
transformation into management decisions, forming closed feedback loops between strategic, tactical-
operational, and analytical levels. This shows its role as a system-forming element that supports adaptive
and predictive regulation of the training process.

The implementation of the model shifts training management from a linear and fragmented
approach to an integrated system-based framework. It enhances planning, control and decision-making by
incorporating real-time data and predictive analytics.

From the perspective of graph theory, the dominant role of complex control in the management
system can also be interpreted through centrality indicators. In particular, high values of (degree centrality)
indicate the concentration of information flows in the vertices corresponding to complex control and the
analytical module. Potentially increased (betweenness centrality) indicates their role as transit nodes
through which most of the management paths between the strategic and tactical-operational levels pass.
High (closeness centrality) of such vertices reflects the minimum average length of paths to other elements
of the system, which ensures the efficiency of the formation of management decisions. The combination of
these characteristics demonstrates the status of complex control as the information-analytical core of the
management system.

Thus, from a mathematical point of view, complex control within the digraph model G=(V,E) acts
as a structurally central information and analytical core of the system. Its removal or reduction of its
functional role would lead to the gap of oriented control paths, a decrease in the connectivity of the graph
and a loss of controllability of the system, which confirms its system-forming value in the model of
management of the training of elite rugby teams.

The interpretation of the obtained results shows that the presence of complex control as an
information and analytical core ensures coordinated interaction between the strategic, tactical-operational
and analytical levels of management. Due to this, managerial influences are formed not fragmentarily, but
on the basis of a systematic analysis of the current state and the dynamics of adaptation processes, which
increases the stability and predictability of training.

From a managerial point of view, the modeling results confirm that complex control serves as a
mechanism for coordinating management decisions over time and across hierarchy levels, which allows for
a transition from reactive management to adaptive-predictive management, when the correction of the
training process is carried out not after the occurrence of negative consequences, but at the stage of
formation of risks of overload or reduction in efficiency.

The findings not only align with existing research but also extend it by providing a formalized
representation of training management as an integrated system. The proposed model shifts the focus from
isolated analysis of performance indicators to the structural organization of decision-making processes,
demonstrating that effective management in elite rugby requires the integration of systemic organization,
cybernetic feedback and strategic planning within a unified framework.

A limitation of this study is its theoretical nature and lack of empirical validation. Therefore, future
research should focus on implementing the proposed model in real training environments and evaluating
its practical effectiveness.

Thus, the proposed model may be considered as a unifying framework that integrates classical
approaches with modern data-driven technologies, including wearable monitoring systems, machine



learning-based predictive analytics and ecological dynamics principles. This integration enables a transition
from descriptive and reactive management toward a proactive, adaptive and intelligent training system.

Conclusions

A structural-functional model of training management for elite rugby teams was developed based
on the integration of system, cybernetic, and strategic approaches within a unified framework.

Graph-based modeling using directed graphs and matrix representations (adjacency and
reachability) confirmed the central role of comprehensive control as a structurally dominant information-
analytical hub within the management system.

The model formalizes training management as a hierarchical and dynamically interconnected
system, allowing quantitative analysis of information flows, feedback loops, and decision-making
pathways.

From an applied standpoint, the proposed model provides a basis for transitioning from reactive to
predictive management of the training process. It enables coaching staff to anticipate changes in athletes’
functional state and adjust training loads proactively rather than responding to already manifested
outcomes.

The use of graph theory offers a formal tool for assessing the stability and integrity of the
management system. In particular, the central role of the comprehensive control subsystem indicates that
disruption of this node would significantly reduce system coherence and controllability.

Although the model is developed with consideration of the specific demands of elite rugby,
characterized by high variability and complexity, it establishes a general framework for designing modern,
integrated and data-driven training management systems in team sports.
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