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Abstract

Artificial Intelligence agents represent the next major revolution in the continuous technological evolution of
industrial automation. In this paper, we introduce a new approach for business process design and development
that leverages the capabilities of Agentic Al Departing from the traditional task-based approach to business
process design, we propose an agent-based method, where agents contribute to the achievement of business
goals, identified by a set of business objects. When a single agent cannot fulfill a goal, we have a merge goal
that can be achieved through the collaboration of multiple agents. The proposed model leads to a more modular
and intelligent business process development by organizing it around goals, objects, and agents. As a result, this
approach enables flexible and context-aware automation in dynamic industrial environments.
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1. Introduction

The recent rapid advancement in digital environments has led businesses to increasingly look for
intelligent, adaptable, and autonomous systems to enhance their operations. Traditional business
process (BP) models, which are typically based on predefined task sequences and static rules, cannot
meet the demands of dynamic markets and complex organizational ecosystems [1]. These limitations
have motivated a shift towards more flexible and context-aware approaches to BP design, development,
and execution. Such approaches are now possible by the emergence of advanced Al technologies.

One of the most promising developments in this area is the advent of agentic Al a class of artificial
intelligence systems that operate through autonomous agents [2]. Agentic Al systems operate without
the need for continuous human intervention and can independently make decisions, pursue goals, and
adapt to changing contexts. These agents are capable of long-term planning and proactive behavior,
which allows them to go beyond simple task execution and contribute meaningfully to dynamic
workflows. Their autonomy is based on mechanisms such as language understanding, reasoning
engines, memory modules, and reinforcement learning [3].

This paper introduces an approach to business process development based on the capabilities of
agentic Al, with a particular focus on systems powered by Large Language Models (LLMs) and Generative
AI (GenAl). We propose a method in which BPs are not defined by fixed workflows but rather by business
goals, information objects, and autonomous agents responsible for achieving them. This represents a
shift from a task-based model to an agent-based goal-driven model, in which workflows emerge from
agent interactions rather than being predesigned.

In the following sections, we first introduce the core concepts of this paradigm, then we outline our
proposal using a running example to better clarify the approach, and finally, we formalize the proposed
method for agent-based business process.
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2. Related Work

Recent research highlights a significant movement toward integrating autonomous Al agents into
business processes, driven by advancements in generative Al and multi-agent systems. Vu et al., through
a review of three decades of research, emphasized the necessity for robust methodologies to manage
agent autonomy and mitigate associated risks [4]. Zhang et al. introduced EvoFlow, an evolutionary
approach leveraging diverse LLMs to dynamically optimize agentic workflows [5]. Similarly, Niu et
al. proposed a new framework, and emphasized real-time adaptability and parallel execution using
modularized agent architectures [6].

To facilitate practical adoption, Jeong developed a multimodal multi-agent system via a No-Code
platform, which reduced enterprise barriers to Al implementation [7]. Bousetouane further expanded
on domain-specific agentic solutions, integrating reasoning, memory, and cognitive modules [8]. In
parallel, Kandogan et al. presented a compound Al architecture for orchestrating agents, data streams,
and workflows within enterprise contexts [9]. Additionally, Tupe and Thube explored strategic API
frameworks designed specifically for supporting agent-driven workflows in dynamic organizational
environments [10].

Collectively, these studies highlight advancements in agent-based BP, yet a gap remains for goal-
driven methods appropriate for dynamic business environments. To address this gap, this paper proposes
an adaptable agentic Al approach tailored for real-time business scenarios.

3. Agent-Based BP Automation

The main assumption of our method is that a BP can be seen as a coordinated team of Al agents. In
other word, the approach provides an agent-based view of a BP rather than the traditional task-oriented
view. Essentially, we focus on the ‘what’, i.e., goals, objects, and capabilities, rather than the ‘how’, i.e.,
the tasks. In this respect, our agent-based approach is mainly a declarative one, and it is different from
the traditional ones based on workflows, where the central elements of a BP are the tasks and a BP is
modelled as a partially ordered set of tasks, typically represented by a process diagram.

The BP is built starting from three basic components: goals, objects and agents. We start with the
analysis of the BP to identify the business goals and sub-goals to be achieved. A goal is a desired
state of affairs, represented by a set of business objects, i.e., information, in various possible forms
(documents, messages, and database records, etc.) that will be generated by dedicated agents. An agent
represents the active entity working for the BP to achieve its goals. Agents are defined by their goals,
the manipulated objects, and the capabilities required to achieve the goals. An agent is activated when
its trigger objects are ready, typically released by a preceding agent, or by a special object that causes a
process to begin, referred to as the start object. In reaching its goal, the agent releases its final objects.

In essence, a BP is mainly represented by a partially order set of goals, resulting in a non-deterministic
workflow, where nodes are goals and the arcs represent the agents responsible for achieving the former.

In an agent-based BP, there can be various alternatives to achieve a goal, i.e., different actions can be
undertaken to reach the same goal. Sometimes such activities can be freely chosen, being equivalent, in
other cases the choice may depend on the circumstances or existing constraints. The agent will be able
to analyse the context and make the most convenient choice.

As anticipated, reaching a goal requires the creation of one or more objects in the form of a business
document, a set of connected documents, a message, a data record in a database, or any other business
information required during the execution of the BP. If an object is a physical one, we require that its
digital image is created in parallel.

Precedence. In the context of business process modeling, precedence is a binary relation between
two goals that imposes an order of achievement. This relation captures dependency constraints over
goals that imposes the activation sequence of agents within a process. We do not need to explicitly
provide such relations; they are inductively derived analysing the trigger objects of agents.

Objects are the passive entities manipulated by the agents. Objects can trigger the activation of an



agent or represent a resource needed by an agent during its operations. Reaching its goal, an agent
releases its final objects. There are two special sets of objects: one necessary for the process to start and
one generated when the process terminates.

Capabilities refer to the operational skills and abilities necessary for an agent to operate effectively in
accomplishing its goal. Such capabilities refer to the CRUDA operations, where CRUDA is an acronym
proposed in the database theory and refers to the following operations: Create, Read, Update, and Delete
operations, to which we add the Archive operation that is particularly relevant in the business domain,
where documents need to be preserved for future inspection, if required.

An agent definition includes the pursued goal, the capabilities necessary to achieve the goal, the
trigger objects necessary to start and the final objects released at the end of its operations. Finally, the
resource objects that the agent needs throughout its lifecycle for its operations.

The trigger objects have been released by another agent or provided at the beginning of the process
(called start objects). The trigger objects represent the input necessary for the agent to initiate its
execution. Furthermore, the agent definition requires the specification of the output objects generated
when it reaches its goal.

Below we provide a diagram that describes a simple example of a home delivery pizza shop (Figure
1), and in particular the process that starts with the customer order and terminates successfully with
the creation of ‘fulfilled order’ object. As anticipated, the nodes represent the goals and the arcs are
labelled with agents ID. In this simple example there is only one split node, in case the submitted order
is for some reasons incorrect. The CookedPizza is a physical object that in the system is represented by
a database record. The solid arcs represent the agent operations, the dotted arcs imply the release of a
document, as a final operation of the agent.
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Figure 1: Agent-based workflow for the pizza delivery process.

Order
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Below we have a simplified tabular representation of the knowledge base that represents the diagram.
Note that for sake of compactness we omitted the resource objects (Table 1).

Table 1
Agent-based workflow specifications for the pizza delivery process.
Agent ID  Competences Trigger objects Final objects Goal
al Get&CheckOrder order checkedOrder AcquireOrder
a2 InformingCustomer  checkedOrder/KO  customerNotice CustomerAlerted
a3 InformingKitchen checkedOrder/OK  pizzaSchedule KitchenAlerted
ad CookPizza pizzaSchedule pizzaDone CookedPizza
a5 Delivering pizzaDone fullfilledOrder PizzaDelivered

Please note that with trigger objects it is possible to derive which are the agents that need to be
executed. In case of a merge goal, the objects associated with the goal, OG, will be obtained by the
union of al the incoming agents: OG4 = U;OF;, where i is the index of all incoming agents.



4. Formal Representation of Agent-Based BP

The reported example depicts a simplified case, where no parallel paths are presented. In general, we
have split goals, where more than one agent is triggered. Symmetrically, there have merge goals that are
satisfied by the union of the released objects of two or more agents.

An agent is a 6-tuple:

Agent = (aID,C,,0T,,0R,,0F,,g,)

+ alD is the agent identifier.

« C, is the set of capabilities, essentially CRUDA operations.

« OT,: Triggering objects necessary for the agent to wake up and start its operations.

« OR,: Resource objects, tackled during the agent’s operations.

« OF, is the set of objects released by the agent at the end of its operations when it reaches its
goal gg.

* gq is the goal of agent a.

An agent a functionally determines the pair (gI D, g,), where the first element is the goal that
triggers the agent, and the second is the agent’s final goal:

alD — (gIDa,ga)
In general, the set of objects in the scope of an agent a is

Note that an agent starts its operations when its OTy, is ready. This typically takes place when the
previous agent(s) has/have reached its/their goal(s).
In formal terms, a goal is represented by the following triple:

g = (gID, Og’ Ag)
where:

« gID is the goal identifier.

+ Oy is the set of objects that characterises the goal. O4 can be built by more than one agent, in
case of a merge goal, then it is the set union of the final objects of each incoming agent.

« Ag is the set of agents triggered by Og. If the set A is not a singleton, then the goal is referred to
as a split goal. It means that more than one agent may be triggered when the goal is achieved.
We have three types of splits: AND, OR, XOR.

In the case of a split goal, the associated set of objects is able to trigger more than one agent.
Depending on the trigger objects of the agents, the activation can be parallel (all the agent will start
simultaneously: AN D condition) or in a disjunctive (OR, X OR).

A merge goal, is a node of the graph with more than one incident agent. The goal will be fully fulfilled
when all the agents terminate (AN D merge) or at least one agent reaches its end (OR, X O R merge).

It is useful to introduce the precedence relation, pre, that allow us to draw a goal sequencing diagram
as reported in the example of Figure 1. Given two goals, say g and g, we say that gz strictly precedes
gy if there are agents in A, such that, once triggered, directly contribute to the achievement of Oy.
Then, we have: pre(gz, gy)-



5. Agent-Based Goal-Driven BP

Considering the previous definitions of agents and goals, we can define an Agent-based BP (ABP), as a
6-tuple:

ABP = (OS,0E,OR,G,C,A)
where:

« OS is the set of objects that triggers the first agent(s) of the BP.

« OF is the final set of objects released by the BP that corresponds to the achievement of the last
agents.

« OR is the set of all resource objects relevant to the BP.

« G is a set of goals.

« C is the set of all the capabilities necessary to carry out the BP.

« A is the set of actors required for the execution of the BP. Intuitively, you can see a set of agents
inducing a covering over C.

We are aware that the definition of BP is redundant, but such a redundancy, in the analysis phase, is
helpful to achieve a number of check and to verify the correctness of the BP specification. In particular,
the precedence relation is used to check if for the agents of a BP there is a correspondence between the
trigger objects and the objects associated to the goals. For instance, trigger objects (except those in O.S)
that do not belong to any goal raise a red flag, since there is an agent that will never be able to wake up.
Symmetrically, an object in 0, that does not appear in any OT}, is a redundant object. Furthermore,
the pre relation imposes an ordering constraint that must be respected during the execution of the
business process.

6. Conclusion

Traditional task-based approaches to business process development often fall short when it comes to
meeting the demands of today’s dynamic and complex organizational environments. They typically lack
the flexibility and autonomy needed to adapt in real time. To address these challenges, we introduce a
new approach grounded in agentic Al, where autonomous agents work together to carry out business
processes in dynamic settings. Our model shifts the focus from fixed task flows to business goals,
information objects, and intelligent agents. This shift enables a more modular and goal-driven design,
and making it easier to implement flexible and adaptive automation in real-time business conditions.

However, with great potential comes significant challenges. The autonomy of agentic systems raises
crucial questions about safety, ethics, accountability, and control. How do we ensure these systems align
with human intentions? What safeguards are needed to prevent unintended consequences, especially
when agents operate at scale or across interconnected domains? Furthermore, the shift from passive
tools to active agents requires rethinking human-AI collaboration, trust, and responsibility.

Another key concern is governance. Agentic Al amplifies both the capabilities and the risks of
existing Al technologies. Ensuring transparency in how agents make decisions, maintaining human
oversight, and creating mechanisms for audit and correction are essential steps toward responsible
deployment. As such, the development of agentic Al must go hand in hand with robust regulatory
frameworks and interdisciplinary dialogue.

In summary, agentic Al represents a new frontier in artificial intelligence, one that brings machines
closer to behaving as active participants in our digital ecosystems. While the promise of these tech-
nologies is important, their implementation requires thoughtful design, careful oversight, and a deep
understanding of the mechanisms governing machine agency.
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