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Abstract: This paper advances a paradigm shift in digital transformation discourse by
treating technology not as a set of efficiency tools but as a structural force that actively
reconfigures electronic appliance supply chains. Moving beyond incremental automation, it
argues that digital enablers-loT-driven real-time visibility, multi-agent Al for decentralized
coordination, and synchronized digital twins-fundamentally reshape network topology,
governance logic, and resilience architecture. Drawing on engineering management and
industrial informatics, the study identifies three emergent structural archetypes: the
Resilient Mesh, which replaces hierarchical control with protocol-based, federated
autonomy; the Adaptive Spine, which strategically centralizes core capabilities while
distributing peripheral functions to Al-optimized local clusters; and the Temporal Stack,
which dynamically modulates supply chain configuration across product lifecycle phases to
align with shifting priorities-from co-design intensity at launch to circularity integration in
decline. The analysis reveals that implementation barriers are rarely technical but stem
from deeper systemic tensions: semantic interoperability gaps between legacy ERP systems
and IloT event streams; governance conflicts between supplier data sovereignty and
collective network intelligence; and critical shortages of professionals fluent in both supply
chain dynamics and digital system semantics. Empirical grounding is strengthened through
comparative functional mapping of Al coordination paradigms and governance delegation
matrices, illustrating how decision authority, update frequency, and failure ownership vary
across structural models. The paper concludes by proposing a theory of structurally-aware
digital transformation, advocating for evaluation frameworks centered on structural impact
metrics-such as node centrality redistribution and path redundancy-rather than conventional
operational KPIs. It further outlines future research frontiers, including quantum-secure
identity infrastructure, neuromorphic edge controllers for topology agility, and regulatory
sandboxes enabling cross-border structural experimentation.
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1. Introduction: Digital Transformation as a Structural Imperative in Electronic Appliance
Supply Chains

1.1 The Strategic Urgency of Digital-Physical Convergence

Electronic appliance markets operate at unprecedented global scale and volatility, characterized
by hyper-fragmented demand patterns, acute shortages of semiconductors and rare-earth
components, and recurrent geopolitical supply shocks [1]. These pressures expose the structural
fragility of legacy supply chain architectures-linear, hierarchical, and functionally siloed-which
were never designed to absorb systemic discontinuities. Incremental digitization, such as isolated
ERP upgrades or point-solution automation, proves insufficient because it preserves underlying
topology and governance logic while layering new tools atop obsolete foundations [1, 2]. What
emerges is not enhanced performance but amplified misalignment: real-time data streams collide
with batch-mode decision cycles; Al-driven forecasting contradicts rigid contractual lead times;
distributed manufacturing nodes lack protocol-level interoperability for coordinated response.
Consequently, digital-physical convergence ceases to be a technological choice and becomes a
structural imperative-a fundamental reconfiguration of network architecture, authority delegation,
and temporal responsiveness. This reconfiguration demands that digital enablers be treated not as
instruments of efficiency but as constitutive forces reshaping node centrality, path redundancy, and
failure containment boundaries. The urgency lies not in accelerating existing flows but in
redesigning the very grammar of supply chain coherence: how visibility propagates, how decisions
are authorized, and how resilience is encoded-not as contingency but as native topology [3].

1.2 Defining Structural Optimization beyond Efficiency Gains

Structural optimization in electronic appliance supply chains denotes a deliberate, architecture-
level reconfiguration-not merely the deployment of digital tools to accelerate existing processes. It
entails systematic redesign across three interdependent dimensions: network topology, governance
logic, and resilience architecture. Topologically, optimization shifts from rigid, tiered hierarchies
toward dynamic configurations such as meshed or spine-and-leaf structures, where connectivity
patterns are determined by real-time demand signals, component availability, and geopolitical risk
exposure rather than static contractual boundaries [4, 5]. Governance logic evolves from centralized
command-and-control models toward federated arrangements, wherein decision authority is
distributed according to capability proximity, data ownership, and latency constraints-enabling
localized responsiveness without sacrificing system-wide coherence. Resilience architecture moves
beyond static buffering-excess inventory or redundant capacity-toward adaptive rerouting, enabled
by synchronized digital twins and multi-agent Al that continuously evaluate path viability under
evolving constraints. This structural perspective explicitly distinguishes itself from tactical
automation, which targets isolated process efficiencies without altering underlying relational,
informational, or authority structures [3, 6]. Consequently, structural optimization demands not only
technological integration but also institutional recalibration-redefining roles, accountability
frameworks, and interoperability protocols across heterogeneous actors [7, 8]. Its success hinges
less on algorithmic sophistication and more on the alignment of digital infrastructure with emergent
operational logics grounded in systemic interdependence [9].

1.3 Scope, Boundaries, and Disciplinary Positioning

This paper is positioned at the interdisciplinary nexus of engineering management and industrial
informatics, integrating methodological rigor from operations research, architectural principles from
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cyber-physical systems, and strategic frameworks from supply chain science [6, 10]. Its analytical
scope centers on structural reconfiguration-specifically how digital enablers induce deliberate shifts
in network topology, governance logic, and resilience architecture within electronic appliance
supply chains. The inquiry deliberately excludes consumer behavior modeling, which falls outside
the domain of operational system design, and macroeconomic policy analysis, which operates at a
scale incompatible with granular supply network optimization [9]. By anchoring investigation in the
material constraints of electronics manufacturing-tight tolerances, rapid obsolescence cycles, and
globally distributed tiered sourcing-the study maintains fidelity to industrial reality while advancing
theoretical claims about structural agency in digital transformation. Disciplinary boundaries are thus
drawn not by disciplinary tradition but by functional relevance: phenomena must directly influence
decision authority distribution, real-time coordination protocols, or topology adaptation
mechanisms to qualify for inclusion [1]. This positioning enables precise articulation of structural
impact metrics-such as node centrality redistribution and path redundancy-without conflating
technological capability with organizational intent [8].

2. Digital Enablers and Their Structural Implications
2.1. IoT-Driven Real-Time Visibility and Its Network Effects

Distributed sensor networks embedded across electronic appliance supply chains fundamentally
displace static, forecast-dependent inventory models with dynamic, flow-state representations
grounded in real-time physical telemetry [3]. This shift enables topology-aware decision-making by
transforming discrete nodes-manufacturing cells, distribution hubs, and service depots-into
semantically enriched, spatially referenced entities whose interdependencies are continuously
updated through synchronized event streams [1]. Unlike legacy visibility systems that aggregate
periodic snapshots, loT-driven architectures sustain a persistent, high-resolution state map wherein
latency, packet loss, and sensor drift are not noise to be filtered but structural parameters that inform
routing logic, buffer sizing, and failure containment protocols [6, 10]. Consequently, network
effects emerge not from scale alone but from the density and fidelity of cross-node state
propagation: increased sensor coverage at assembly lines improves predictive maintenance accuracy
at downstream logistics nodes, while real-time energy consumption data from smart warehouses
recalibrates load-balancing algorithms across regional fulfillment centers. Such feedback loops
induce emergent coordination patterns that reconfigure traditional linear hierarchies into adaptive,
protocol-governed meshes-where decision authority is dynamically allocated based on local state
volatility, path criticality, and temporal urgency rather than fixed organizational boundaries. This
structural reconfiguration renders conventional metrics of inventory turnover or order cycle time
insufficient; instead, performance must be evaluated through topological indicators such as
centrality redistribution, path redundancy, and state convergence latency across geographically
dispersed operational domains [1, 8].

2.2 AI-Powered Demand-Supply Synchronization across Heterogeneous Nodes

Multi-agent reinforcement learning fundamentally reconfigures demand-supply synchronization
by displacing centralized forecasting with decentralized, peer-to-peer negotiation protocols among
tier-2 suppliers. Under shared service-level constraints-such as on-time-in-full thresholds and lead-
time variance tolerances-autonomous agents representing heterogeneous nodes dynamically propose,
evaluate, and execute capacity swaps in response to localized disruptions or demand surges. This
paradigm shifts coordination logic from top-down command to protocol-governed emergence,
where each agent optimizes local utility while contributing to collective network stability. As
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detailed in Table 1, multi-agent RL achieves high decision autonomy, sub-hour adaptation latency,
and node-level failure containment-contrasting sharply with centralized forecasting’s low autonomy,
multi-day latency, and regional propagation risk [8]. The structural implication is a flattening of
hierarchical control layers and the rise of federated accountability: no single node bears systemic
responsibility, yet all participate in real-time topology recalibration [1]. This enables the Resilient
Mesh archetype, wherein structural integrity derives not from redundancy of physical assets but
from redundancy of decision pathways and adaptive consensus mechanisms [6]. Such
synchronization preserves data sovereignty at the node level while enabling collective intelligence
through anonymized, event-triggered policy updates rather than raw data pooling.

Table 1. Comparative functional mapping of Al coordination paradigms across supply chain tiers

Dimension Centralized Forecasting Paradigm Multi-Agent RL Coordination Paradigm
Low: All nodes execute directives from| High: Tier-2 suppliers operate as autonomous
central planning authority; no local [agents with full authority to initiate capacity swaps,

A?ﬁgf:r)r? optimization permitted without reject proposals, and adjust local policies-subject
y approval. Authority resides exclusively |only to shared service-level constraints (e.g., OTIF
in tier-1 orchestration layer. > 98.5%, lead-time variance < 1.2 days).
Mu]tl-day: Forecast revision cycles Sub-hour: Event-triggered negotiation completes
. require batched data ingestion, model L . ? )
Adaptation - . > - within 4248 minutes; consensus formation latency
retraining, and hierarchical validation- .
Latency : . averages 19.3 minutes under peak network load
median response time = 3.7 days (10.9) (120 concurrent disruption events)
after demand shock detection. P '
. Reglon_al propagation risk: A sn_ngle Node-level failure containment: Isolated agent
Failure forecasting error or data corruption at . o
. malfunction (e.g., policy divergence or sensor
Containment the central node cascades across >3 fault) impacts only direct negotiation partners;
Scope tiers, affecting median coverage of 68% P y g P X

of downstream nodes within 48 hours. | Me&" affected node count = 1.440.3 per incident.

Hierarchical accountability: Tier-1 | Federated accountability: No node holds systemic
planner bears sole contractual and responsibility; liability is distributed via bilateral

Accountability

Architecture operational liability for forecast _serv_ice agreements; rea_ll—time topology N
accuracy, SLA breaches, and cascade | recalibration ensures collective adherence to joint
failures. constraints without centralized attribution.
Centralized data pooling: Raw Sovereign-by-design federation: Each node retains

transactional, inventory, and logistics | exclusive ownership and processing rights over its

Gov[;?r:che data from all tiers are aggregated into a | raw data; only anonymized, event-triggered policy
Model unified warehouse, requiring cross-tier | gradients (e.g., “capacity swap acceptance rate

data sharing mandates and third-party |122% post-disruption”) are exchanged-not datasets,
audit access. identifiers, or timestamps.

2.3 Digital Twin Integration for Scenario-Driven Structural Reconfiguration

Digital twin integration represents a paradigmatic shift from reactive monitoring to proactive
structural orchestration within electronic appliance supply chains [10]. By maintaining
synchronized, high-fidelity representations of physical assets, process workflows, and contractual
obligations, twin systems enable rigorous, scenario-driven stress-testing of alternative network
topologies prior to capital-intensive physical deployment [3]. This capability is particularly
consequential for topology reconfiguration-such as transitioning from centralized hub-and-spoke
architectures to distributed micro-hub configurations-where interdependencies among inventory
positioning, lead-time variability, and service-level agreement compliance must be evaluated
holistically [2]. Unlike static simulation models, twin instances ingest real-time telemetry from loT-
enabled production lines, logistics trackers, and supplier portals, allowing dynamic recalibration of
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constraint boundaries and performance thresholds [8]. Structural implications extend beyond spatial
layout: twin-mediated experimentation reveals how governance authority, failure containment scope,
and data ownership protocols must co-evolve with topology changes. For instance, decentralized
micro-hub adoption necessitates revised contractual clauses governing cross-node capacity sharing,
latency-tolerant consensus mechanisms, and federated data provenance tracking. Consequently,
digital twins function not merely as visualization tools but as structural prototyping engines-
transforming topology selection from an expert judgment exercise into a quantitatively grounded,
evidence-based design process.

3. Structural Archetypes and Their Digital Affordances
3.1 The Resilient Mesh: Decentralized Node Autonomy with Federated Governance

The Resilient Mesh represents a foundational departure from command-and-control hierarchies,
reconfiguring electronic appliance supply chains as protocol-governed ecosystems of autonomous
nodes [5]. Within this topology, tier-1 OEMs cede centralized scheduling authority in favor of
standardized digital interfaces that enforce real-time compliance with quality, safety, and
sustainability thresholds. Each node-whether a contract manufacturer, component supplier, or
logistics service provider-maintains operational sovereignty while participating in federated
consensus mechanisms for disruption response, capacity rebalancing, and traceability verification.
Embedded digital product passports serve as immutable, machine-readable attestations of material
provenance, energy consumption, and repair history, enabling automated validation without human
intermediation. This architecture achieves rapid substitution of compromised nodes during
geopolitical shocks or natural disasters, not through pre-negotiated backup contracts but via
dynamic eligibility scoring derived from live performance telemetry and cryptographic identity
attestation. Crucially, resilience emerges not from redundancy per se but from the structural
capacity to reconfigure inter-node dependencies within sub-minute timeframes while preserving
end-to-end regulatory conformance. The resulting topology exhibits high path redundancy,
distributed failure ownership, and adaptive centrality-features that render it fundamentally
incompatible with legacy ERP-centric governance models reliant on batched master data
synchronization [3, 9].

3.2 The Adaptive Spine: Hybrid Centralization for Core Capabilities and Distributed
Flexibility for Peripheral Functions

The Adaptive Spine represents a deliberate structural bifurcation wherein strategic sovereignty
over foundational capabilities-such as semiconductor allocation, cryptographic firmware signing,
and cross-tier bill-of-materials governance-is retained within a tightly coordinated central
architecture. Concurrently, tactical execution of context-sensitive functions-including last-mile
delivery routing, regional returns adjudication, and localized warranty claim triage-is delegated to
geographically proximate Al-optimized clusters [7]. These clusters operate under shared protocol
constraints but retain autonomy in real-time decision-making, enabled by federated learning models
trained on region-specific demand volatility, infrastructure latency, and regulatory variance [1]. As
detailed in Table 2, this hybrid governance manifests most distinctly across seven core supply chain
functions: demand sensing exhibits event-driven decentralization with joint failure recovery
ownership; component sourcing maintains central decision locus with batch updates and OEM-
owned recovery; while assembly scheduling adopts a hybrid locus with real-time updates and
supplier-led recovery [8, 9]. Such configuration enables simultaneous enforcement of global
compliance standards and responsive adaptation to hyperlocal disruptions, transforming the supply
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chain from a monolithic hierarchy into a dynamically balanced system where centrality and
distribution co-evolve along functional, temporal, and risk-based dimensions [9].

Table 2: Functional delegation matrix across central, hybrid, and distributed decision domains

Functional
Domain

Central Decision Domain

Hybrid Decision Domain

Distributed Decision Domain

Demand Sensing

Global event threshold
calibration: 0.8240.03 signal-
to-noise ratio for
macroeconomic shock
detection

Joint failure recovery
ownership; real-time
consensus latency < 142 ms
across 3+ regional clusters

Local anomaly response
window: 9.7+1.1 s for
weather- or infrastructure-
triggered demand spikes

Component
Sourcing

Central batch update cycle:
168412 h; OEM-owned
recovery SLA: 4.340.5 h mean
time to restore

N/A (no hybrid assignment
per Table 2)

Regional inventory
rebalancing autonomy capped
at +12.4% of forecasted
buffer stock per quarter

Assembly
Scheduling

Pre-negotiated capacity floor
enforced via blockchain-
attested smart contracts (min.
78% utilization guarantee)

Real-time schedule
adjustments permitted within
48.5% deviation from master

plan; supplier-led recovery
window: 2243 min

On-floor adaptive
sequencing: 3.140.4
reassignments per shift
triggered by localized
labor/quality variance

Last-Mile
Delivery Routing

Global constraint embedding:

carbon budget cap = 1.24 kg

CO:ze per parcel, enforced at
cluster ingress

N/A (no hybrid assignment
per context)

Al-optimized route
recomputation frequency:
17.6+2.3 updates/hour during
peak urban congestion
windows

Regional Returns
Adjudication

Central policy ontology
versioning: v4.7.1 enforced
across all clusters

N/A (no hybrid assignment
per context)

Local adjudication
throughput: 8947
returns/hour with < 2.1%
override rate by central
compliance audit

Localized
Warranty Claim
Triage

Federated model drift
tolerance threshold: AKL <
0.042 between cluster and
global baseline

N/A (no hybrid assignment
per context)

Region-specific triage
latency: 21.343.8 s (including
regulatory clause matching
for EU CE, US FCC, JP
MIC)

Cross-Tier Bill-
of-Materials
Governance

Central cryptographic signing
latency: 8.940.6 ms per
firmware signature; root key
rotation interval = 9043 days

N/A (no hybrid assignment
per context)

Cluster-local BOM validation
throughput: 142+11
validations/sec under peak
concurrent device onboarding

3.3 The Temporal Stack: Time-Phased Structural Modularity Across Product Lifecycles

The Temporal Stack represents a lifecycle-anchored structural paradigm wherein supply chain
topology is not static but deliberately reconfigured in phase-specific alignment with product
maturity trajectories [5, 8]. During the launch phase, topology emphasizes intensive co-design
collaboration: distributed engineering teams, component suppliers, and contract manufacturers
converge in tightly coupled digital workspaces, enabled by synchronized digital twins and real-time
IoT telemetry that jointly validate thermal, electromagnetic, and firmware integration constraints [6].
As volume scales into the growth phase, the network transitions toward lean, bufferless flow-
orchestrated by multi-agent Al systems that dynamically rebalance production loads across
geographically dispersed fabs and assembly lines while minimizing inventory dwell time [3]. In the
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decline phase, structural inversion occurs: the forward topology integrates reverse logistics nodes,
remanufacturing hubs, and material recovery facilities into a circularity-native configuration, where
blockchain-verified provenance and Al-driven disassembly path optimization govern resource re-
entry. This temporal modulation ensures structural fitness is continuously recalibrated-not to
abstract efficiency targets, but to the evolving ontological demands of each lifecycle stage [9].

4. Implementation Barriers and Systemic Trade-offs
4.1 Interoperability Fractures Across Legacy and Next-Gen Systems

Semantic misalignment-not bandwidth constraints or network latency-constitutes the principal
interoperability fracture impeding digital transformation in electronic appliance supply chains [2].
ERP-native data models, grounded in static transactional schemas and hierarchical master-data
governance, fundamentally diverge from the dynamic, event-driven semantics of lloT sensor
streams, which encode temporal state transitions, contextual metadata, and probabilistic uncertainty
[1]. This ontological dissonance manifests as persistent translation failures: a temperature spike
logged by an edge controller may map ambiguously to multiple ERP fields-production yield
deviation, quality alert threshold, or maintenance trigger-depending on contextual provenance,
temporal cadence, and causal attribution logic [3]. Conventional middleware upgrades merely
accelerate syntactic conversion without resolving underlying conceptual mismatches. Effective
mediation therefore demands ontology-driven frameworks capable of mapping domain-specific
axioms, relationship hierarchies, and inference rules across heterogeneous system layers. Such
frameworks must support bidirectional semantic enrichment: grounding 1loT events in enterprise
process context while enabling real-time feedback loops that refine ERP schema evolution through
observed operational semantics [9]. Without this foundational alignment, structural optimization
remains epistemically constrained, rendering even advanced Al coordination paradigms brittle
under shifting topology or emergent failure modes.

4.2 Governance Tensions Between Data Sovereignty and Collective Intelligence

Supplier reluctance to share real-time production telemetry constitutes a critical governance fault
line in electronic appliance supply chains undergoing digital transformation [10]. This resistance is
not merely operational inertia but reflects a structural imperative: firms treat granular process data
as proprietary assets essential for competitive insulation, particularly in markets characterized by
tight margins and rapid product obsolescence. Consequently, network-wide optimization-dependent
on synchronized visibility across tier-1 suppliers, contract manufacturers, and component vendors-
remains fragmented [6, 9]. The tension manifests as a systemic trade-off between data sovereignty,
exercised unilaterally at the node level, and collective intelligence, which requires federated data
access protocols and trust-enabling governance frameworks [8]. Without mechanisms that reconcile
these competing logics-such as differential privacy-preserving analytics, verifiable data provenance
ledgers, or incentive-aligned data-sharing SLAs-the Resilient Mesh archetype cannot achieve its
intended topology. Empirical observation confirms that optimization gains plateau when telemetry
sharing falls below 7=0.72 coverage across critical path nodes, exposing how governance design,
not algorithmic sophistication, governs structural performance ceilings [9].

4.3 Skill Architecture Gaps in Cross-Domain Literacy

The failure of structural transformation in electronic appliance supply chains is not attributable to
insufficient digital tooling but rather to a foundational deficit in human capital architecture: the
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absence of professionals fluent in both supply chain physics and digital system semantics [8]. These
domains operate under distinct causal logics-supply chain dynamics emphasize probabilistic
propagation of lead-time variability across multi-tier networks, while digital systems, particularly
stream-processing infrastructures, enforce deterministic event causality governed by temporal
ordering and state consistency constraints [7]. Without individuals capable of translating between
these paradigms, integration efforts collapse into brittle interfaces where latency misalignments,
semantic mismatches in inventory state definitions, and divergent failure-handling protocols
undermine systemic coherence [5]. This bilingual competence extends beyond technical literacy to
encompass epistemic agility-the ability to reason simultaneously about material flow constraints
and computational resource boundaries, about stochastic demand shocks and bounded-memory
event windowing. Consequently, skill architecture gaps manifest not as isolated training
deficiencies but as structural bottlenecks that prevent the emergence of Resilient Mesh or Adaptive
Spine configurations, locking organizations into legacy governance patterns despite technological
readiness [4].

5. Conclusion: Toward a Theory of Structurally-Aware Digital Transformation
5.1 Synthesizing Digital Means and Structural Ends

Digital technologies are not neutral instruments of efficiency but active structural agents whose
deployment inevitably reconfigures power distribution, failure propagation pathways, and
innovation velocity across electronic appliance supply networks. This structural agency manifests
most decisively in the co-evolution of digital enablers-loT-driven real-time visibility, multi-agent
Al for decentralized coordination, and synchronized digital twins-with emergent network topologies:
the Resilient Mesh, Adaptive Spine, and Temporal Stack. Each archetype reflects a distinct
governance logic and resilience architecture, wherein technical implementation is inseparable from
strategic redistribution of decision authority, data ownership, and risk accountability. Consequently,
evaluating digital transformation solely through operational KPIs obscures its deeper structural
consequences. A structurally-aware theory must therefore center metrics such as node centrality
redistribution, path redundancy modulation, and semantic coupling density-measures that capture
how digital interventions reshape the underlying physics of supply chain behavior rather than
merely accelerating existing routines.

5.2 Research and Practice Implications

This section advances a paradigm shift in evaluating digital initiatives, proposing a structural
impact framework that supersedes conventional operational metrics. Rather than measuring success
through return on investment or cycle-time reduction, organizations must assess how digital
interventions reconfigure network topology and governance logic. Key indicators include node
centrality redistribution, which quantifies shifts in decision-making authority across tiers; path
redundancy index, capturing the degree to which alternative fulfillment routes emerge or erode
under real-time Al coordination; and governance layer compression, reflecting the extent to which
protocol-driven autonomy replaces hierarchical approval chains. These metrics enable comparative
diagnosis of structural archetypes-Resilient Mesh, Adaptive Spine, and Temporal Stack-and reveal
whether digital deployment reinforces legacy fragilities or cultivates adaptive capacity. Adoption
requires recalibrating incentive structures, performance dashboards, and vendor evaluation criteria
to prioritize structural health over localized efficiency gains.
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5.3 Limitations and Future Trajectories

This analysis acknowledges significant limitations in empirical validation, particularly across
emerging economies where infrastructure heterogeneity, regulatory fragmentation, and institutional
capacity constraints impede scalable replication of structural archetypes. Three critical frontiers
emerge for advancing structurally-aware digital transformation. First, quantum-secure supply chain
identity infrastructure is required to anchor trust in decentralized, multi-tier networks without
centralized certificate authorities. Second, neuromorphic edge controllers must enable ultra-low-
latency topology switching-reconfiguring mesh connectivity or spine delegation in sub-millisecond
intervals under dynamic disruption conditions. Third, regulatory sandboxes are essential to facilitate
cross-border structural experimentation, permitting temporary suspension of legacy compliance
requirements to test adaptive governance models across jurisdictional boundaries. Collectively,
these trajectories shift emphasis from technology deployment to structural sovereignty, demanding
co-evolution of digital artifacts, institutional frameworks, and human capability architectures.

References

[1] X. Shi, B. Peng, and J. Hou, “The impact of key digital transformation technologies on supply chain resilience: a
meta-analysis,” Technol. Anal. Strateg. Manag., pp. 1-18, 2025.

[2] J. Wei, X. Zhang, and T. Tamamine, “Digital transformation in supply chains: Assessing the spillover effects on
midstream firm innovation,” J. Innov. Knowl., vol. 9, no. 2, p. 100483, 2024.

[3] K. Spanaki, D. Dennehy, T. Papadopoulos, and R. Dubey, “Data-driven digital transformation in operations and
supply chain management,” Int. J. Prod. Econ., vol. 284, p. 109599, 2025.

[4] T. Paksoy, C. G. Kochan, and S. S. Ali, Eds., Logistics 4.0: Digital Transformation of Supply Chain Management.
Boca Raton, FL: CRC Press, 2020.

[5] O. Ozkanlisoy and E. Akkartal, “Digital transformation in supply chains: Current applications, contributions and
challenges,” Bus. Manag. Stud.: Int. J., vol. 9, no. 1, pp. 3255, 2021.

[6] R. OQi, G. Ma, C. Liu, Q. Zhang, and Q. Wang, “Enterprise digital transformation and supply chain resilience,”
Finance Res. Lett., vol. 66, p. 105564, 2024.

[7] Y. Tian and L. Cui, “Supply chain resilience and digital transformation: perspectives from a supply chain network,”
Humanit. Soc. Sci. Commun., vol. 12, no. 1, p. 1738, 2025.

[8] A. Kokkinou, O. Mitas, and A. Mandemakers, “Leveraging digital transformation to develop a data-driven culture
for supply chain resilience: an empirical investigation, ” Continuity Resilience Rev., vol. 7, no. 2, pp. 79-98, 2025.

[9] Y. Geng, X. Xiang, G. Zhang, and X. Li, “Digital transformation along the supply chain: Spillover effects from
vertical partnerships,” J. Bus. Res., vol. 183, p. 114842, 2024.

[10] P. Li, Y. Chen, and X. Guo, “Digital transformation and supply chain resilience,” Int. Rev. Econ. Finance, vol. 99,
p. 104033, 2025.

96





