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Abstract

The article examines the structural limitations of push-type inventory manage-
ment systems as an integral property of decision architecture under conditions
of high environmental variability, stochastic lead times, and fragmented distri-
bution networks. The analysis is based on a comparative review of contempo-
rary studies addressing safety stocks, the bullwhip effect, buffer parameteriza-
tion, production-inventory planning, and warehouse centralization strategies.
It is shown that isolated optimization of order quantity or service level does not
ensure system stability and leads to reproducible trade-offs between holding
costs, stockout probability, and flow throughput. The study argues that the pri-
mary source of instability lies in the forecast-centric decision sequence “inven-
tory-production-distribution,” which amplifies sensitivity to demand disper-
sion and temporal deviations. It is demonstrated that increasing safety stocks
performs a function of local fluctuation compensation while simultaneously
scaling systemic imbalances when misaligned with production capacities and
replenishment lead times. Particular attention is given to distribution architec-
ture and the risk-pooling effect, indicating that centralization reduces variabil-
ity amplitude without eliminating its forecast-driven nature, whereas signal-
buffer and pull logics enhance flow adaptability but do not guarantee the re-
moval of structural constraints. It is shown that managerial stability is deter-
mined by the coherence of informational, resource, and spatial contours rather
than by the precision of individual parameters. The article may be useful for
researchers of logistics systems, supply chain management professionals, and
developers of inventory planning models under uncertainty.
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1. Introduction

Rising environmental variability, accelerating product life cycles, and the increas-
ing complexity of multi-echelon supply chains are reshaping the requirements for
inventory management systems, shifting the focus from local parameter tuning to
the robustness of decision architecture (Fernandes et al., 2025). Environmental
variability in the context of this study is interpreted operationally as the joint var-
iability of demand processes, replenishment lead times, and market response con-
ditions affecting replenishment decisions. Following contemporary inventory
management literature, environmental variability is characterized using three
measurable dimensions: 1) demand variability expressed through the coefficient
of variation of demand (CV = o/p), 2) lead time variability measured as the rela-
tive standard deviation of replenishment time, and 3) market-induced variability
reflected in price or promotion volatility influencing order synchronization across
channels. The classical push model, based on demand forecasting and safety stock
formation, is increasingly ill-suited to conditions of stochastic lead times, con-
sumer price sensitivity, and production capacity fluctuations. Inventory manage-
ment ceases to be a task of precise order quantity calculation and becomes a task
of aligning the system’s informational, resource, and temporal contours.

In this study, a push-type inventory management system is defined as a fore-
cast-driven replenishment architecture in which production and distribution de-
cisions are initiated on the basis of anticipated demand rather than observed con-
sumption signals. Operationally, push systems include base-stock policies, mate-
rial requirements planning (MRP) logic, and forecast-to-order planning mecha-
nisms where inventory targets are calculated ex ante using demand projections
and predefined service-level constraints.

This definition distinguishes push logic from pull systems, where replenish-
ment is triggered by actual downstream consumption events; from signal-buffer
approaches, where buffer penetration dynamically regulates order release; and
from Demand Driven MRP (DDMRP), which combines decoupled buffer posi-
tioning with adaptive signal-based replenishment rules. In contrast to these ap-
proaches, push systems preserve a sequential decision structure in which inven-
tory targets determine production schedules and distribution flows, thereby main-
taining dependence on forecast accuracy.

Despite this, push architectures retain dominance due to their simplicity and
predictability, which transform into sources of inflexibility in a turbulent environ-
ment. The amplification of the bullwhip effect, the accumulation of excess inven-
tory, unfulfilled production plans, and distribution network conflicts indicate the
structural nature of this approach’s limitations (Ghanem et al., 2021). The prolif-
eration of demand-driven and pull methodologies reflects an attempt to transition
from forecast-based logic to signal, buffer, and flow-based management mecha-
nisms; however, their systemic integration into existing production and organiza-
tional contours remains limited.

The aim of this study is to form a systemic understanding of the structural lim-
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itations of push-type inventory management systems under conditions of high

environmental variability and to identify the architectural factors determining

their instability and the economic trade-offs between service level and costs. To
achieve this goal, the following tasks are addressed:

—identify the mechanisms of excess ordering and inventory accumulation;

—analyze the misalignment of inventory, production capacity, and lead time
contours;

—determine the influence of distribution architecture and the degree of ware-
house network centralization on total logistics costs;

—develop a multi-level conceptual scheme of the structural limitations of push
inventory management in a turbulent environment.

The research hypothesis posits that the key limitations of push-type inventory
management systems are conditioned not by individual safety stock parameters,
but by architectural dependence on forecast-based logic and the “inventory-pro-
duction-distribution” decision sequence. To clarify the causal mechanism under-
lying the proposed hypothesis, the push-based decision architecture can be repre-
sented as a simplified decision-flow sequence linking informational inputs, man-
agerial decisions, operational constraints, and system outcomes. In forecast-ori-
ented inventory systems, replenishment logic follows a sequential structure in
which expected demand determines inventory targets prior to production and dis-
tribution feasibility assessment.

The generalized causal chain may be expressed as follows:

* Demand forecasts and historical data (inputs) > calculation of target inventory
and safety stock levels (decisions) > generation of production plans and re-
plenishment orders - interaction with capacity limits and stochastic lead times
(constraints) > realized inventory levels, throughput variation, and stockout
or overstock outcomes (outputs).

*  Within this structure, amplification emerges because forecast deviations prop-
agate downstream before resource constraints are evaluated. When lead time
variability or bottleneck capacity interacts with pre-committed inventory tar-
gets, corrective actions occur only after imbalance formation, resulting in os-
cillatory order behavior and increased system sensitivity to environmental var-
iability. This sequential logic operationalizes the “inventory > production >
distribution” dependency discussed in the study.

Such a structure forms persistent trade-offs between service level, inventory
cost, and flow stability as environmental variability increases.

The scientific novelty of the work lies in considering push-based inventory
management as a multi-level construct, where limitations arise at the level of order
quantity and safety stocks, at the level of capacity and lead time alignment, and at
the level of distribution network configuration. The proposed systematization in-
tegrates probabilistic, behavioral, and architectural factors into a unified analytical
model explaining cost growth, bullwhip effect amplification, and the formation of
stable compromise management regimes.

The scope of the study is limited to the analysis of production and distribution
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supply chains with high uncertainty in demand and lead times, and does not cover
sectoral regulation, individual contractual schemes, or macroeconomic market as-
pects. The work is based on secondary scientific and applied sources and does not
involve proprietary field experiments or longitudinal observations, focusing in-
stead on the analytical interpretation of existing empirical results and the identi-

fication of structural regularities.

2. Materials and Methods

The methodological basis of the study was formed through a stepwise selection
and comparative-analytical review of peer-reviewed scientific publications on in-
ventory management under conditions of high environmental variability, includ-
ing demand uncertainty, lead time fluctuations, production capacity constraints,
and multi-echelon supply chain structures. Search and selection were performed
as a formalized multi-step process ensuring the reproducibility of the inclusion
procedure and the transparency of relevance criteria.

The literature search was conducted using major international scientific data-
bases to ensure coverage of peer-reviewed research in operations management
and supply chain analytics. The primary sources included Scopus, Web of Science
Core Collection, ScienceDirect, and MDPI Open Access journals. The search pro-
cess was performed between January and March 2025, with an update verification
conducted in May 2025 to include recently published articles.

Search queries combined inventory management terminology with uncertainty
and planning architecture concepts using Boolean operators. An example of a full
search string applied in Scopus is provided below:

(“inventory management” OR “inventory control” OR “MRP” OR “push sys-
tem”) AND (“demand variability” OR “lead time uncertainty” OR “bullwhip ef-
fect”) AND (“safety stock” OR “buffer management” OR “replenishment strat-
egy”) AND (LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”))
AND (PUBYEAR > 2020).

The search results were restricted to peer-reviewed journal articles written in
English and containing formalized analytical, simulation, or optimization models.
Conference abstracts, conceptual essays without methodological specification,
and studies lacking reproducible modeling assumptions were excluded during the
screening stage.

The analysis included articles published in 2021-2025 containing formalized in-
ventory management models, simulation modeling, optimization formulations,
or statistical procedures for calculating safety stocks, service levels, and buffering
parameters. Review publications without original methodological results, dupli-
cate materials, and works lacking reproducible calculation steps or clearly defined
model assumptions were excluded.

The primary dataset was formed using key search terms reflecting the topic of
structural limitations of forecast-oriented inventory management in a turbulent
environment. The following keywords were used: inventory management, de-

mand variability, lead time uncertainty, safety stock, bullwhip effect, omnichannel
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supply chain, material requirements planning, lot sizing, production scheduling,
strategic buffers, closed-loop supply chain, warehouse centralization, push, pull,
MRP, DDMRP. Subsequently, screening of titles and abstracts was conducted, fol-
lowed by a full-text check for compliance with inclusion criteria. The primary
search dataset consisted of 37 publications, of which, after screening and full-text
verification stages, 10 studies met the selection criteria and formed the final ana-
lytical corpus.

The final corpus of sources was structured by levels of limitation manifestation.
At the parametric level, mechanisms of safety stock formation, order quantity, and
excess inventory costs were analyzed. At the resource-temporal level, the effects
of capacity constraints and lead time uncertainty, leading to plan unfeasibility and
rising inventory costs, were examined. At the distributional level, the role of ware-
house network configuration and the degree of centralization in changing total
logistics costs and system resilience to demand variability was evaluated.

The study by Aiello et al. formalizes an inventory management model for a
closed-loop supply chain considering waste reduction. Bayard et al. (2024) de-
scribe key concepts and DDMRP behavior through a case study. Demiray Kirmizi
et al. (2024) analyze safety stock strategies based on company data; Fernandes et
al. (2025) evaluate a DDMRP replenishment model using simulation modeling.
Fleuren et al. (2025) investigate joint production-inventory planning in high-tech
low-volume chains. Gao et al. (2025) model the bullwhip effect and inventory
costs in an omnichannel chain; Ghanem et al. (2021) compare push and pull
scheduling at the work execution level. Javadi et al. (2025) propose a lot-sizing
method and production scheduling algorithm for MRP tasks; Krajc¢ovi¢ et al.
(2024) develop a statistical and optimization procedure for strategic buffer tuning.
Milewski considers the joint problem of selecting a replenishment strategy and
the degree of warehouse network centralization.

Based on the comparison of source results and assumptions, a theoretical-syn-
thetic analysis was performed, aimed at isolating recurring causal links, persistent
trade-offs between service level and inventory cost, and architectural factors am-
plifying the instability of forecast-oriented management contours. The synthesis
involved consolidating the identified mechanisms into a unified multi-level model
of structural limitations of push-type systems, suitable for subsequent empirical
verification on applied data.

The analytical interpretation developed in this study relies on a set of modeling
assumptions defining the conditions under which structural limitations of push-
oriented inventory systems are expected to manifest. First, service level require-
ments are assumed to be enforced through predefined availability targets trans-
lated into safety stock calculations. Second, demand is treated as stochastic with
non-zero variance and may exhibit non-stationary behavior within planning ho-
rizons. Third, replenishment lead times are considered uncertain and partially in-
dependent from planning decisions. Fourth, production capacity is assumed to be

finite, implying the presence of potential bottlenecks affecting schedule feasibility.
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Finally, unmet demand is interpreted primarily as lost sales rather than fully back-
logged demand, reflecting typical commercial distribution environments.

Under these assumptions, forecast-based replenishment generates sequential
decision dependence that amplifies variability propagation across planning stages.
However, a boundary condition exists in which push logic may remain stable:
when demand variability is low, lead times are deterministic, and production ca-
pacity significantly exceeds demand fluctuations. In such environments, forecast
error remains bounded and inventory targets do not conflict with resource feasi-
bility, allowing push systems to operate without structural instability. This bound-
ary case clarifies that the identified limitations are conditional rather than univer-

sal and emerge primarily under high environmental variability regimes.

3. Results

Comparison of order parameters and safety stock levels across the selected corpus
of studies revealed a reproducible dependency. Rising demand variability was ac-
companied by an increase in the calculated replenishment volume in push-type
inventory management systems. In the investigated scenarios, the intensification
of consumption fluctuations was accompanied by a systematic shift of the order
optimum relative to the baseline forecast and an expansion of buffer levels (Aiello
et al., 2025). The obtained relationship persisted across changes in planning hori-
zons and modeling types, allowing safety stock to be fixed as a smoothing tool and
a deviation scaling mechanism.

Additional amplification of the effect is established when service level standards
and penalty coefficients for non-delivery are included. In calculation scenarios,
tightening product availability requirements leads to a systematic increase in
buffer volumes relative to the initial forecast (Demiray Kirmizi et al., 2024). This
forms a stable configuration where protection against stockouts is accompanied
by the accumulation of unrealized inventory. Similar dynamics are recorded when
distributing demand across multiple sales channels, where consumption hetero-
geneity amplifies order amplitude at lower chain levels and increases safety stock
dispersion (Gao et al., 2025). The totality of obtained relationships indicates a di-
rect link between rising uncertainty and buffer expansion within the analyzed
sample of supply chains and product types. Table 1 presents a quantitative com-
parison of optimal order volumes, expected inventory, and stockout probability

during the transition from a linear to a closed-loop supply chain.

Table 1. Comparison of push decision results in linear and closed-loop supply chains
(Compiled by the author based on source: Aiello, 2025).

. Optimal Order, Expected Expected Lost
Scenario . - .
units Inventory, units Sales, units
Linear Supply Chain 9277 677 1400
Closed-Loop Supply Chain 7670 237 2567
Change, % -17.3% -65.0% +83.4%
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The table data show the redistribution of risks between excess inventory and
stockouts during the transition from a linear to a closed-loop supply chain con-
figuration. The linear model is oriented toward preventing non-delivery and
therefore maintains a higher order level, leading to the accumulation of unrealized
inventory. Conversely, the closed loop reduces replenishment volume by inter-
nally accounting for end-of-life product costs, which decreases excess inventory
but simultaneously raises the probability of stockouts. Thus, changing the chain
architecture does not eliminate demand uncertainty but shifts its consequences
between holding and lost sales, confirming the structural nature of the limitation
(Aiello, 2025).

At the meso-level, the study results record a persistent misalignment between
safety stock parameters and the actual feasibility of production plans. Comparison
of scenarios revealed that the “inventory first-then production” decision sequence
forms a systematic accumulation of unfeasible schedules, as buffering volumes are
calculated without accounting for bottleneck throughput and replenishment lead
time fluctuations (Fleuren et al., 2025). This configuration results in safety stock
ceasing to function as a flow stabilizer and beginning to create overloads at sub-
sequent order processing stages. Similar dynamics are traced in models where re-
plenishment parameters are set independently of current production line utiliza-
tion and calendar constraints (Javadi et al., 2025). In the analyzed configurations,
the growth of buffer volumes does not lead to increased system stability and is
accompanied by an increased probability of work-in-process accumulation and
queues.

The introduction of stochastic lead times changes the nature of inventory accu-
mulation and amplifies system sensitivity to temporal deviations. When varying
replenishment time even within moderate fluctuations, a disproportionate in-
crease in total holding cost is recorded, driven by the need to simultaneously com-
pensate for delays and capacity overloads. This dependency is reproduced across
various production network configurations and is confirmed by simulation re-
sults, where the expansion of buffer zones is accompanied by increased order vol-
atility and reduced throughput of critical nodes (Fernandes et al., 2025). Parallel
calculations of strategic buffering parameters show that statistical calibration is
capable of smoothing local fluctuations but does not eliminate the systemic gap
between inventory volumes and their actual processing speed. Table 2 considers
the comparison of total inventory costs under increasing planning environment
complexity and the simultaneous action of capacity constraints and lead time un-
certainty.

Comparison of scenarios demonstrates a qualitative change in the nature of
costs under the simultaneous action of temporal and resource constraints. A tran-
sition is observed from local inventory redistribution to network-wide buffer ac-
cumulation, accompanied by a sharp rise in total holding costs. This dynamics is
confirmed by production-inventory planning calculation results, where increas-

ing safety levels without synchronization with the capacity schedule leads to the
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formation of excess queues and a reduction in the system’s actual throughput.
Collectively, the obtained relationships indicate the loss of stability of the push
architecture with rising network variability and the simultaneous action of sto-

chastic lead times and bottlenecks.

Table 2. Degradation of Push-Oriented Base Stock Levels under Increasing Planning Com-
plexity (Compiled by the author based on source: Fleuren et al., 2025).

Planning Environment Total Inventory

Structural Effect
Condition Cost, SMM et ec
Capacity Constraints 26.77 Inventory shift toward downstream
Only ’ nodes to bypass bottlenecks
Lead Time Uncertainty 2461 Buffer growth at nodes with uncertain
Only ’ inflow and across the network
. . Superlinear cost growth due to simultaneous
Capacity + Lead Time 83.88

protection from congestion and delays

The totality of obtained results demonstrates that limitations of the push archi-
tecture manifest simultaneously at the level of safety stock parameters and at the
level of aligning production capacities and replenishment times. Environmental
variability growth is not eliminated by increasing buffer volumes but is redistrib-
uted between excess inventory accumulation, deficit formation, and reduced ac-
tual system throughput. The observed relationships are reproduced across various
supply chain configurations and confirm that the key instability factor in the re-
viewed scenarios and models is not an individual inventory management param-
eter, but the structural interconnection between demand forecast, buffering vol-

umes, and flow processing time constraints (Fleuren et al., 2025).

4. Discussion

At the macro-level, distribution architecture sets the framework within which in-
ventory management limitations manifest. Stability is determined by the magni-
tude of safety stock and how the warehouse network transforms demand into re-
plenishment decisions. As the number of distribution nodes increases, the push-
type system amplifies dependence on forecast information because aggregate de-
mand disintegrates into multiple local signals, each with its own error. In such a
structure, deviations cease to be compensated at the network level and begin to
reproduce at each warehouse individually, leading to the parallel emergence of
excess inventory and stockouts across different items. In the analyzed scenarios,
network fragmentation manifests as a structural mechanism for amplifying fore-
cast error, rather than as an isolated operational failure.

Comparison of centralized and decentralized configurations reveals the differ-
ing nature of variability redistribution. Warehouse centralization reduces the ag-
gregated fluctuation amplitude through the risk-pooling effect, yet it does not
eliminate the forecast nature of the push approach itself. Even with a reduced

number of nodes, the dependence of replenishment volume on calculated expec-
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tations persists, limiting adaptation speed during sharp demand changes. The
transition to pull and demand-driven logic in the same configurations shifts the
focus from calendar planning to signal-based replenishment and allows flow re-
distribution in accordance with actual consumption. Within the analyzed scenar-
ios, this is accompanied by a more stable distribution of inventory between net-
work nodes and lower sensitivity to local environmental fluctuations (Milewski,
2025). Figure 1 presents the dynamics of logistics costs under changes in replen-

ishment strategy and warehouse network configuration.

Relative Change in Total Logistics Costs by Replenishment
Strategy and Warehouse Configuration

Push + 6
Warehouses

Push + 1
Warehouse

Pull + 6 Warehouses

Pull + 1 Warehouse
(Centralized)

0.00 0.25 0.50 0.75 1.00

Figure 1. Relative change in total logistics costs when changing the replenishment strategy
and warehouse network configuration (Compiled by the author based on source: Milewski,
2025).

The diagram demonstrates a consistent reduction in the relative total logistics
cost index as the transition is made from a decentralized push-type system to a
centralized pull-type system. The value of 1.00 for the Push + 6 Warehouses vari-
ant reflects the highest cost level and is used as the baseline comparison point,
showing the system’s maximum sensitivity to demand variability with a frag-
mented warehouse network. Transitioning to the Push + 1 Warehouse configura-
tion reduces the index to 0.78, indicating partial fluctuation smoothing due to
centralization; however, a noticeable share of costs remains due to forecast-based
replenishment logic. The Pull + 6 Warehouses configuration demonstrates a fur-
ther decrease in the indicator to 0.65, evidencing more flexible flow redistribution
even with a distributed warehouse structure. The minimum value of 0.46 in the
Pull + 1 Warehouse (Centralized) scenario reflects the greatest cumulative effect
of simultaneously using adaptive replenishment logic and demand pooling, where
inventory fluctuation amplitude decreases and both warehousing and transport
costs are reduced. The sequence of values 1.00 > 0.78 > 0.65 > 0.46 shows that the
number of warehouses and the type of managerial replenishment logic exert the
key influence on costs.

The systemic configuration of push inventory management forms a persistent
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contradiction between the striving for a high service level and holding cost limi-
tations, which manifests as a recurring regularity across various models and or-
ganizational contours. Increasing product availability is achieved by expanding
safety stocks, which amplifies the load on warehouse infrastructure and increases
the share of capital tied up in inventory. Attempts to neutralize this effect by re-
fining the forecast or shortening the planning horizon lead to shifting the imbal-
ance in the opposite direction. Buffer volume decreases, but the probability of
stockouts and the frequency of unscheduled replenishments increase. A regime of
parametric compensation arises, where the improvement of one indicator is ac-
companied by the deterioration of another, and the achieved equilibrium proves
short-term and sensitive to external fluctuations.

This dynamics becomes more pronounced when distributing demand across
multiple sales channels and intensifying consumer price sensitivity. Information
signal fragmentation leads to order amplitude growth at lower chain levels and
accelerated propagation of fluctuations throughout the entire supply structure.
The bullwhip effect in these conditions ceases to be local and acquires a network
character. Even minor changes in end demand transform into disproportionate
adjustments of production and procurement volumes. Increasing safety stocks
does not eliminate instability but merely redistributes its consequences toward
excess inventory accumulation and warehouse node overload. The higher the de-
mand elasticity and the more intense the price fluctuations, the faster the system
loses flow predictability and the higher the probability of sharp total cost fluctua-
tions.

Buffer and demand-driven class approaches act as an attempt to mitigate the
parametric limitations of the traditional scheme by shifting focus from the fore-
cast to the current flow state and actual consumption levels. Their effectiveness is
determined by the precision of statistical calibration of buffer zones and the de-
gree of alignment with production capacities and the network distribution con-
figuration. In the absence of such synchronization, adaptive mechanisms begin to
reproduce the same disparities as the classical scheme, differing only in the scale
of fluctuations and the speed of their propagation.

Thus, the main line of tension is found not in the absolute magnitude of inven-
tory, but in the architecture of managerial decisions and the sequence of infor-
mation signal processing. The transition from forecast to signal-buffer logic
changes the form and frequency of fluctuations but does not guarantee their dis-
appearance if flow fragmentation and the gap between informational and resource
contours persist. This manifests the structural nature of the trade-off, where sys-
tem stability is determined not by individual replenishment parameters, but by
the coherence of the entire configuration of flows, capacities, and distribution

nodes.

5. Conclusion

The conducted analysis shows that the limitations of push-type inventory man-

agement systems are predominantly structural in nature and manifest simultane-
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ously at the parametric, resource-temporal, and distributional levels. Rising envi-
ronmental variability amplifies the dependence of order quantity on forecast in-
formation, leading to a persistent redistribution of risks between excess inventory,
stockouts, and reduced flow throughput. Increasing safety stocks acts not as a uni-
versal stabilizer, but as a temporary compensation mechanism capable of smooth-
ing local fluctuations while simultaneously amplifying systemic imbalances when
misaligned with capacities and replenishment times. Distributional fragmentation
additionally reproduces forecast errors at the level of individual nodes, whereas
centralization reduces fluctuation amplitude without eliminating their forecast-
driven nature.

The obtained results confirm the hypothesized proposition that the key limita-
tions of the push architecture are conditioned not by individual safety stock pa-
rameters, but by architectural dependence on the “inventory-production-distri-
bution” decision sequence. The identified regularities demonstrate the persistence
of trade-offs between service level, inventory cost, and flow stability, which remain
across various supply chain configurations and product types. Thus, management
effectiveness is determined not by the precision of an individual calculation coef-
ficient, but by the coherence of the system’s informational, resource, and spatial
contours.

From a managerial perspective, the identified structural limitations imply that
improving inventory system stability requires architectural rather than purely
parametric interventions. At the parametric level, buffer calibration should be ex-
plicitly synchronized with production throughput constraints, preventing safety
stock expansion beyond feasible processing capacity. At the resource-temporal
level, bottleneck protection policies and decoupling points may be introduced to
align replenishment timing with actual production responsiveness, reducing
schedule infeasibility caused by forecast-driven commitments. At the distribu-
tional level, network design decisions should consider selective warehouse cen-
tralization or hybrid replenishment strategies that combine demand pooling with
adaptive signal-based control mechanisms.

These design levers do not eliminate environmental variability but reduce its
amplification by improving coherence between informational signals, physical ca-
pacities, and spatial distribution structures. Consequently, managerial effective-
ness shifts from optimizing individual inventory parameters toward configuring
resilient decision architectures capable of absorbing stochastic disturbances.

Prospects for further research are associated with the empirical validation of
the proposed multi-level model on industry data, comparative analysis of hybrid
replenishment architectures under omnichannel conditions, and the development
of quantitative flow coherence metrics enabling the evaluation of the structural

stability of inventory management systems in dynamics.
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