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Abstract. This article analyzes approaches to business woaatomation based on Al agent
orchestration systems. The study examines the dliealr foundations of agent-oriented systems,
architectural orchestration models, and the speddatures of integrating intelligent agents into
corporate processes. It is shown that Al agentestchtion enhances the adaptability, scalability,
and intelligence of automated operations, partitylia scenarios characterized by high information
intensity and cross-system coordination. Practipglication examples are discussed, including IT
service management, customer request handlings@gmaly chain management. Special attention is
given to issues of reliability, decision interpgtdy, and the controllability of agent environmntsn
The article concludes by highlighting the potentibbrchestration as a system-forming layer in the
digital transformation of business processes.

ABTOMATU3AIMA BUSHEC-ITPOLECCOB C HCITIOJIB30OBAHUEM
CUCTEM OPKECTPALIMU Al-ATEHTOB

I'pebeniox O.
24 and Up, Poau, CIIIA

KuaroueBnie ciaoBa: Al-areHTbI, OpKeCTpallys, aBTOMATH3AIMs IPOIECCOB, MHOTOKOMIIOHCHTHBIC
CUCTEMBI, aITaITHBHOCTh, MACIITA0OUPYEMOCTh, HHTCIUICKTYIbHBIC CHCTEMBI.

AHHOTanus. B cTarhe NPOBOMUTCS aHANHM3 TOJXOMOB K aBTOMATHU3aIlMH OW3HEC-TPOLIECCOB C
UCIIOJIb30BAaHUEM CHCTEM opkecTpanuu Al-areHToB. PaccMaTpHBalOTCs TEOPETHYCCKUE OCHOBBI
AreHTHO-OPHCHTUPOBAHHBIX CHCTEM, apXUTEKTYPHBIC MOJICIIA OPKECTPAIIMHU, a TAKKE OCOOCHHOCTU
MHTETPALMH UHTEJUIEKTYalbHBIX areHTOB B KOPIIOpaTHBHbIE mpoliecchl. [lokazaHo, 4To opkecTpanus
Al-areHToB MO3BOJISIET MOBBICUTH aJAlTUBHOCTh, MACIITA0MPYEMOCTh M HHTEJUIEKTYAIbHOCTh
aBTOMATH3UPYEMBIX OTIepaliuii, 0COOCHHO B CIICHAPHSIX C BBICOKOM CTETEHBbIO WHGOPMAIMOHHON
HACBILIGHHOCTH W MEXKCHCTEMHOW KOOpAMHAUMHU. [IpUBOISTCS IpPaKkTHYECKHE MPUMEpPbI
npuMeHeHus, Biaodas |TSM, o0paboTKy KIMCHTCKHX 3alpOCOB M YIPAaBICHHE IOCTaBKaMH.
Ocoboe BHHMaHHE YJIeJsIeTCsl BOIPOCaM HANE)KHOCTH, HMHTEPIPETUPYEMOCTH pEUICHHH U
VIOPaBJIIEMOCTH AarcHTHOM cpenbl. Jlemaercs BBIBOA O IMOTCHIMANE OpKECTpAIMU — Kak
CUCTEMOOOpa3yromero cios B upoBoi TpaHChOopMauu OU3HEC-TTPOIIECCOB.

Introduction

Modern organizations operate in conditions of heghironmental dynamism,
increasing complexity of business models, and oootis growth in the volume of
processed information. Business process autometioa longer solely a matter of
improving operational efficiency, but rather it hiaansformed into a prerequisite
for sustainable development and ensuring competiéss on a long-term basis.
Traditional approaches to automation relying ore-drdiven workflow systems,
BPM platforms, and robotic process automation rev@a@or adaptability in
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situations where the business context, objectivesput data are changing. Such
limitations create demand for more flexible anceligent mechanisms of process
management able to operate under uncertainty antple® interdependencies
within organizational systems.

Therefore, with the development of advances ine&thhologies, especially
multi-agent systems and large language modelswatyyee of solutions was born:
Al agents that enable autonomy, interactions amaggnts, and contextual
decisions. However, using single agents alone doeproduce any systemic effect
on the “enterprisewide” process. In this regardagént orchestration systems gain
particular importance, as they provide coordinatioh agent actions, role
distribution, and alignment of individual agent beior with business objectives.
Orchestration acts as an intermediary layer betwaerorganization’s strategic
goals and the operational activities implementedthiwi an agent-based
environment.

The purpose of this study is to analyze the themmletand architectural
foundations of business process automation usingg&ht orchestration systems,
as well as to identify their distinguishing chagagdtics in comparison with
traditional process management approaches. Thadeagkamines the conceptual
principles of Al agent orchestration, the key ar@ttural models of such systems,
and their potential application for enhancing thea@ability, scalability, and
intelligence of business processes in modern czgHons.

Main part. Theoretical foundations of Al agent orchestration

In the scientific literature, an Al agent is traaoltally defined as an
autonomous computational entity capable of perngithe state of its environment,
making decisions, and performing actions to achispecified goals based on
internal models and behavioral rules [1]. Unlikasslical software modules, Al
agents exhibit properties of adaptivity, contextaeemess, and, in some cases,
learnability, which enables them to operate undendiions of incomplete
information and uncertainty. Contemporary Al agetsincreasingly implemented
using machine learning methods and large languagealels, significantly
expanding their cognitive and communicative cajpadsl

According to a global McKinsey survey, 23% of orgations already scale
agentic Al within selected business functions, wlah additional 39 % remain at
the experimental stage of adopting Al agents [2].tlle same time, Gartner
forecasts that by 2028 agentic Al will be embeddedipproximately 33 % of
enterprise software applications, thereby increpsite share of routine decisions
made autonomously in everyday organizational aewifig. 1).

It's worth noting, however, that the diagram shaatrove points to a gradual
trend from low-level agency, automatic behavioato advanced level of agency,
including adaptivity, proactive planning, and demismaking. While the gap
between human and machine agency is being clo$ed,capabilities of an
intelligent system to act within a dynamic, intteanvironment, as well as to set
and decompose goals into subgoals, are emphasiZed.attainment of these
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properties at the level of individual Al componentsates the prerequisites for the
emergence of more complex architectures in whictoremmy and interaction
become the key organizing principles.
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Fig. 1. Hierarchy of agency levels in intelligegstems with varying degrees of autonomy,

based on Gartner data [3]

Multi-agent systems represent a collection of interacting Al agentache
performing specialized functions, while their caaeded activity is directed toward
achieving a common system-level objective [4]. m applied and architectural
context, multi-agent systems can be characterized et of technical parameters
that define agent interaction mechanisms, cooridinatnodels, decision-making
approaches, and infrastructure requirements (jab. 1

Tab. 1. Core technical characteristics of multiragg/stems [5, 6]

Characteristic

Technical description

System architecture

Decentralized or hybrid toppldgeer-to-peer / hub-and-spok
with loosely coupled agents and well-defined intBom boundaries

e)

Decision-making
model

Local policy/model-driven decisions (rules/ML/LLMYith optional
global coordination via distributed planning, comsgs, or
negotiation protocols.

D

Coordination &| Task decomposition, role assignment, and execuiionrol via an

orchestration orchestration layer (workflow engine / schedulerjubly distributed
coordination protocols.

Communication Asynchronous messaging and event-driven interac{ioessage

substrate broker, pub/sub, event bus) with API-based callssgnchronous
control paths.

State & context Distributed state store for agent context, contanséask memory

management and intermediate artifacts; consistency model eitpli defined
(eventual/strong).

Scalability & | Horizontal scaling through dynamic agent replicatiand load-

elasticity aware routing; supports burst handling and backpres
mechanisms.

Resilience & fault] Failure isolation per agent, retries/timeouts/dircibreakers,

tolerance

idempotent actions, and compensating transact@mmhg-running
workflows.

Observability &

auditability

End-to-end tracing, structured logs, metrics/SLOs&nd
decision/action audit trails (including tool cadled data lineage) fa
compliance and debugging.

=
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Therefore, from the above technical features, wasfied that multi-agent
systems represent complex and distributed systemt&erms of their inherent
features in which the autonomy of individual ageistdinked with coordination
requirements. The larger the number of agents ase® the more interaction logic
will be complex, and the higher the degree of aomay correspondingly intensifies
the role of orchestration mechanisms to ensuregsefpl task allocation, action
synchronization, execution control, and alignmenagent behavior with business
constraints. In this context, Al agent orchestrattiould be understood not as an
auxiliary management tool, but as a system-fornmager that links individual
agent autonomy with the goals, structure, and ojp@ia resilience of enterprise
business processes.

Architectural models of Al agent orchestration in enterprise systems

Viewing Al agent orchestration as a system-formager of control makes it
possible to move from the general theoretical aspaftmulti-agent systems to the
analysis of concrete architectural solutions f@irtimplementation in enterprise IT
environments. As agent autonomy increases and dbpie bf their interactions
becomes more complex, the architectural organizatf@rchestration gains critical
importance, since architecture defines the bouadanf controllability, scalability,
and resilience of the agent-based environment. His ftcontext, different
architectural models of Al agent orchestration espnt alternative approaches to
aligning individual agent behavior with businessqass objectives and corporate
governance requirements (tab. 2).

Tab. 2. Architectural models of Al agent orchestrain enterprise systems

Orchestration Engineering-level characteristics

model
Centralized Single orchestration service responsible for maiirtg global state and
control plane executing planning, scheduling, and policy enforeethwith coordination o
agent execution; strong consistency and auditgbiiitt limited horizontal
scalability.
Distributed control| Orchestration logic is replicated across coordigatagents by means of
plane consensus or negotiation protocols; improved fal#rance, better scalability,

higher synchronization overhead.

Hybrid control| Centralized goal definition and policy enforcememthile decentralized

architecture execution and adaptation at agent level in runtime.

Event-driven Reactive coordination via event streams and statesitions; loose coupling,

orchestration eventual consistency, and high responsivenessé¢onak signals.

Policy-enforced Runtime enforcement of access control, businessstints, and safety

orchestration guardrails during the execution of agent decisionsneans of RBAC/ABAC
policy engines, etc.

Federated Multiple domain-specific orchestrators coordinaterotigh inter-domairj

orchestration protocols, allowing both organizational and systemel decomposition.

Al-assisted Planning, prioritization, and anomaly detection atggmented by ML/LLM

orchestration components that enable adaptive and predictiveadmnthaviors.

The presented architectural models of Al agentestrhtion demonstrate that
the management of an agent-based environment exbsybnd the coordination of

86



individual computational components and acquiresdharacter of a system-level
mechanism that determines how business logic I&zeekin distributed intelligent
systems. The choice of orchestration architectueetlly affects the degree of agent
autonomy, process controllability, and the systeabgity to adapt to changes in
the external environment. In applied terms, thiplies that architectural decisions
in the field of orchestration form the foundatioor fpractical business process
automation by defining principles of task decomposj dynamic execution
management, and the integration of intelligent congmts into enterprise
operational activities.

Agent-oriented automation of enterprise processes in an orchestration
environment

Business process automation based on Al agent siralien systems relies
on a fundamentally different approach to the formaion and management of
process logic compared to traditional methods @ab.

Tab. 3. Comparison of traditional process automatmd agent-oriented
orchestration

Dimension Traditional automation Agent-oriented autom'ation (Al
(BPM / workflow / RPA) agent or chestration)
Process Predefined sequences, rule§oal- and constraint-driven  task
representation and branches. models.
Execution logic Static, scenario-basebynamic  planning and runtime
execution. replanning.
Control Workflow engine executing Orchestrator as  control  plane
mechanism fixed logic. coordinating autonomous agents.
Variability Model complexity increasesVariability handled through agent
handling with exceptions. decision-making within policies.
System Connectors, ESB/iPaas;Tool-use layer with policy-governed
integration scripted automation. access and contextual data use.
State & context Instance-based process state. ildistd state and task/context
memory with defined consistency.
Quality control Scenario testing and rul®untime validation, policy gates, and
validation. human-in-the-loop control.
Evolution of | Redesign required for logicAdaptation via goal, policy, and role
processes changes. updates without full redesign.

The practical applicability of agent-based autoorain enterprise systems is
most evident in business processes characterizedl tugh share of knowledge-
intensive work, multiple data sources, and the rfeedross-system coordination.
Such processes include IT incident and request gesment (ITSM), customer
request handling, financial and accounting openatiosupply chain and
procurement management, as well as analytical suppo managerial decision-
making [7]. In these scenarios, agent orchestragitables the automation not only
of individual operations but also of action sequenthat involve context analysis,
strategy selection, and interaction with multiphéegprise systems.
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Within the framework of agent-oriented automatiagin,is appropriate to
propose a model of Al agent interaction aimed ainuping complex business
processes through role distribution, dynamic cowtion, and adaptive execution
management. A business process is representedsa@scd interrelated tasks, the
achievement of which is ensured by the coordinaaetivity of execution,
analytical, and monitoring agents under the conwblan orchestrator. The
orchestrator establishes a global control layerdbfining goals, constraints, and
performance metrics, while individual agents cayty specific actions, exchange
results, and adapt their behavior based on coatekintermediate outcomes. Such

a model enables a transition from linear processcation to multi-level
optimization that accounts for both local and systeide performance indicators

(tab. 4).

Tab. 4. Application of the Al agent interaction nebdh enterprise business

processes [8, 9]

Business process Effect of agent orchestration K ey performance metrics
IT service| Automated incident classificationMean time to resolution
management diagnosis, and coordinatedMTTR), first-contact
(ITSM™) resolution based on contextual dataesolution rate, SLA
compliance.
Customer requestContext-aware interpretation ofAverage handling time (AHT),
handling requests and coordinated actiordeflection rate, customer
across channels and systems. satisfaction (CSAT).
Financial and Cross-system data reconciliatignProcess cycle time, error rate,
accounting anomaly detection, and decisipicost per transaction.
processes support.
Procurement andDemand analysis, contractead time, on-time delivery
supplier compliance monitoring, angrate, contract variance.
management coordination with external
suppliers.
Management Data aggregation, interpretatignDecision latency, forecast
analytics and and generation of recommendatigraccuracy, recommendation
reporting and scenarios. utilization rate.
Cross-functional | Dynamic task coordination acros®rocess throughput, rework
processes organizational units. rate, coordination overhead.

The quantitative impact of agent-based automasanast clearly observed in
processes where a substantial share of time ist sperinformation retrieval,
document preparation, and coordination of actiaess systems. For example, in
the SMB finance and accounting segmeéntuit has reported that 45 % of users
adopting Al-powered functionality in QuickBooks €eal on agent-driven
workflows) save approximately 12 hours per month woutine monthly
bookkeeping tasks. In addition, the company notesl potential to accelerate
payment collection by an average of up to five déysugh the automation of
payment and accounts receivable workflows [10].
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For IT operations and service manageméat,viceNow reports internal
efficiency gains from Now Assist through automatainncident documentation. In
particular, the generation of resolution notes imitseconds reduces the time
required for creating incident resolution notesapproximately 80 %, as agents
primarily review and refine the generated text.sTHlustrates how orchestration-
enabled assistance can accelerate end-to-end mxealtains by compressing
documentation and handoff steps in incident workd¢11].

These general observations are consistent with rezapievidence from
industrial implementations. Taken together, thesenéed data and practical
examples demonstrate that agent-oriented automdtesed on orchestration
systems is capable of delivering measurable operitibenefits across a wide
range of enterprise business processes, partigutadcenarios characterized by a
high share of knowledge-intensive work and crosdesy coordination. At the
organizational level, the effectiveness of suchtesys is closely linked to the
quality of digital communication, transparency ot@nated decision-making, and
the degree of trust established between users raetigent systems, which has
been shown to be a critical factor in the adoptbadvanced digital tools in both
developed and emerging markets [12]. At the sammee,tithe transition from
deterministic workflow models to dynamically mandgegent-based environments
significantly increases the complexity of contregrification, and predictability of
process execution. Agent autonomy, the use of ilegdimased models, and adaptive
replanning introduce new requirements for decisionterpretability, risk
management, and compliance with regulatory comgiamaking the analysis of
limitations and potential risks of Al agent orchrabn a necessary next stage of
the study.

Risks and limitations of agent-oriented business process automation

Despite the practical value of Al agent orchestratfor the dynamic
management of complex processes, agent-orientedmatibn in enterprise
environments faces a range of limitations that &eth engineering- and
governance-related. A critical challenge is that)ike deterministic workflow
systems, the behavior of an agent-based environemeatges from a combination
of planning, contextual interpretation, and toolea¢ed actions, making it more
difficult to ensure reproducibility, formal veritdity, and guaranteed predictability
of end-to-end execution outcomes. In practice, thésults in increased
requirements for autonomy control mechanisms, state management, and the
quality of integration with enterprise systemsgcsirerrors within an agent’s action
chain can propagate and lead to cascading effegissathe entire business process.

Limitations in reliability and “execution accuracgf agent-based systems are
confirmed by the results of recent benchmarks thatlel multi-step tasks in
interactive environments. For example, the OSWdyehchmark, designed to
evaluate “computer-based” agents operating ingpartating system environments
and applications, reveals a similar gap betweenamuend agent performance.
According to the project's reported results, humpaarticipants successfully
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complete more than 72.36% of tasks, whereas theblasgline agent evaluated at
the time of publication achieves only about 12.244ccess. The primary
bottlenecks identified include GUI grounding andsufficient operational
knowledge required for executing multi-step actionsealistic environments [13].

Special attention must also be giviensecurity and cor porate gover nance
risks, as an agent with access to tools and data becamastive execution entity
rather than a passive software module. As ageminaunty increases, the risks of
mishandling confidential information, context maugtion, input poisoning in
multi-step workflows, and privilege escalation daamisconfigured access policies
also increase. Under these conditions, orchestratiould incorporate policy gates,
tool isolation, privilege separation, mandatoryidation loops, and human-in-the-
loop controls for high-criticality operations, sencmodel confidence is not
equivalent to assurance.

Conclusion

Generally, Al agent orchestration systems repreagmomising direction in
the evolution of business process automation, ewpbh transition from
prescriptive and static management models to adaptid intelligent coordination
mechanisms. Their application makes it possiblelign the autonomous behavior
of Al agents with organizational objectives, dyneally adjust process execution
logic, and integrate analytical and cognitive fumms within a unified control
framework. Despite existing limitations relatedinterpretability, security, and the
verifiability of agent-based systems, the contindestelopment of theoretical and
architectural approaches to Al agent orchestrapmvides a foundation for the
formation of resilient, scalable, and context-awdrgsiness processes under
conditions of digital transformation.

References/ Cnucok imtepatypbl

1. Holstein K., Olsen J.K. Human-Al co-orchestratitire role of artificial intelligence in
orchestration // Handbook of Artificial Intellige@én Education. 2023, pp. 309-321.

2. The state of Al in 2025: Agents, innovation, anénsformation / McKinsey
[Electronic resource]. — Access mode: https://wwekimsey.com/capabilities/
gquantumblack/our-insights/the-state-of-ai.

3. Intelligent agents in Al really can work alone /r@ar [Electronic resource]. — Access
mode: https://www.gartner.com/en/articles/intelfigagent-in-ai.

4. He J., Treude C., Lo D. LLM-based multi-agent sysefor software engineering:
literature review, vision, and the road ahead //MAQransactions on Software
Engineering and Methodology. 2025, vol. 34, nggb,1-30.

5. Goonatilleke S.T., Hettige B. Past, present andréutrends in multi-agent system
technology // Journal Européen des Systemes Auisésal022, vol. 55, no. 6.

6. Li X.,, Wang S., Zeng S., Wu Y., Yang Y. A survey @bM-based multi-agent
systems: workflow, infrastructure, and challengegi¢inagearth. 2024, vol. 1, no. 1,
p. 9.

7. Korostin O., Blazhkovskii A., Tretiakov |., Stepanbl. Artificial intelligence as a key
to improving the efficiency of logistics operatiofisTransport Technician: Education
and Practice. 2025, vol. 6, no. 2, pp. 188-195.

90



10.

11.

12.

13.

7. Kopoctun A.A., bnaxkockuii A.B., TperbsikoB W.b., Crenanos M.E..
HcKycCTBeHHBIM HMHTEIDICKT KaK KIII0Y K TOBBIMICHHIO A(()EKTHUBHOCTH
ckiaanackoi moructuku // TeXHUK TpaHcmopTa: o0pa3oBaHHE M MPAKTHKA. —
2025. -T. 6,Ne2. —C. 188-195.

Odrekhivskyi M., Pshyk-Kovalska O., Zhezhukha Vyvarochko 1. Intelligent
management of enterprise business processes /leMatits. 2022, vol. 11, no. 1,
p. 78.

Bordusenko D. Automation of financial flows in irsdoy: intelligent algorithms for
procurement and inventory management // ProfessiBuodletin. Economics and
Management. 2025, no. 4/2025, pp. 58-65.

Intuit’s all-in-one platform introduces a virtuaam of Al agents to help businesses
increase efficiency and growth / Intuit [Electroniesource]. — Access mode:
https://investors.intuit.com/news-events/pressasds/detail/1281/intuits-all-in-one-
platform-introduces-a-virtual-team-of-ai-agentsatp-uk-businesses-increase-
efficiency-and-growth.

ServiceNow unlocks GenAl value quickly with Now Asts/ ServiceNow [Electronic
resource]. — Access mode: https://www.servicenom/de/customers/now-on-now-
now-assist.html.

Mudrov M. Digital communications as a tool for lilg brand trust in developed and
emerging markets // Cold Science. 2025, no. 2169481.

Xie T., Zhang D., Chen J., Li X., Zhao S., Cao Ru, T. Osworld: benchmarking
multimodal agents for open-ended tasks in real ctemgenvironments // Advances in
Neural Information Processing Systems. 2024, volpp. 52040-52094.

I'pe6entok Ourer — pa3padoruuk [10 | Hrebeniuk Oleh — software engineer

4goget@gmail.com

Received 10.02.2026

91



