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1 | Executive summary

This e-paper provides a comprehensive exploration of agentic Al orchestration, a groundbreaking
approach poised to redefine how organizations leverage artificial intelligence for automation and
innovation. It delves into the fundamental concepts, technological underpinnings, and practical
applications of this transformative paradigm.

At the heart of agentic Al orchestration lies a dynamic control layer—the orchestrator—that governs
multi-agent systems through six essential functions: receiving user or system-level requests,
selecting appropriate agents, collecting their outputs, assessing result quality, determining whether
re-querying is needed, and capturing user feedback for continuous refinement. These functions
enable the orchestrator to coordinate autonomous agents in real-time, ensuring task completion
with adaptability, context awareness, and quality control.

The scope of this paper encompasses a detailed definition of agentic Al orchestration, its
differentiation from existing automation technologies, its architectural components, the current
technology landscape, considerations for its design and development, governance and risk
management, its potential business value across industries, and a roadmap for implementation.
This paper is intended for business leaders, technology strategists, IT professionals, and Al
practitioners seeking to understand and potentially adopt advanced Al solutions for complex
challenges. It offers valuable insights for those aiming to enhance operational efficiency, improve
decision-making, and drive innovation through intelligent automation.

Several key insights emerge from this analysis. Firstly, agentic Al orchestration marks a significant
departure from traditional monolithic Al and rule-based automation, enabling autonomous and
collaborative problem-solving through the coordinated efforts of intelligent agents.” Secondly, the
market for agentic Al is experiencing substantial growth, fueled by increasing demand for more
adaptable and efficient automation solutions in today's dynamic business environment.* Thirdly,
successful implementation necessitates a holistic strategy that integrates conceptual
understanding, a robust architectural framework, meticulous development practices, and a strong
emphasis on governance, risk mitigation, and regulatory compliance.¢ Finally, Artefact, as a data and
Al consulting company, possesses the deep expertise and proven experience to guide organizations
through every stage of their agentic Al orchestration journey, developing tailored solutions that
address specific business needs.

“Agentic Al orchestration is set to fundamentally reshape how
autonomous systems are built, fostering a new era where multiple
intelligent agents operate in seamless coordination to solve complex
problems with agility, scalability, and precision.”

— Rahul Arya, CEO & Managing Partner, Artefact SAPMENA and India

ART=FACT 5



AGENTIC Al ORCHESTRATION

2

Introduction: From monolithic Al
to agentic Al

2.7 Market momentum (“WHY NOW?”).......oov ittt 4
2.2 Definition of agentic Al OrChestration.............cocuioiiiiiii i 5
2.3 How agentic Al differs from RPA, micro-services, traditional Al pipelines..........ccccccoceevvieeiiecieenn. 6

ART=FACT 6



AGENTIC Al ORCHESTRATION

2 | Introduction: From monolithic Al to agentic Al

2.1 Market momentum (“Why now?")

The artificial intelligence market is currently in a phase of exponential expansion, propelled by
significant advancements in foundational models and a growing recognition among enterprises of
the strategic importance of Al technologies.> Agentic Al is rapidly emerging as the next major wave
in this evolution, signifying a shift from systems primarily focused on prediction and content
generation to those capable of autonomous reasoning and action.* This transition is underscored by
the increasing limitations of traditional, monolithic Al systems in addressing the complexities of
modern business challenges.

Surveys and industry analyses indicate a strong and growing interest in agentic Al from both the
developer community and enterprises. Many organizations are either actively exploring or in the
process of developing Al agents for a diverse range of applications, signaling a move from
theoretical exploration to practical implementation.® This market enthusiasm is further validated by
projections indicating substantial growth in the Al agent market over the coming years, with analysts
forecasting multi-billion dollar valuations by the end of the decade, reflecting a powerful compound
annual growth rate (CAGR).* While widespread production deployments of agentic Al systems are
still in their nascent stages, a significant number of companies are initiating pilots and proofs of
concept. This activity suggests a strong underlying momentum towards the integration of agentic
capabilities into real-world business operations.’ The increasing availability of sophisticated
reasoning models and comprehensive development tools from leading technology providers is also
a critical factor fueling this momentum, making the creation and deployment of intelligent agents
more accessible than ever before."

U.S. Agentic Al Market Size (USD Billion)
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Figure 1: US agentic Al market size'™
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2.2 Definition of agentic Al orchestration

Agentic Al orchestration can be defined as a carefully structured process that involves the
coordination of multiple, specialized Al agents within a unified system to achieve clearly defined,
shared objectives.2 Rather than relying on a single, general-purpose Al solution, this approach
leverages a network of Al agents, each meticulously designed and optimized for specific tasks
within a larger workflow.2 The primary goal of this orchestration is to ensure seamless and efficient
collaboration among these diverse agents, enabling them to autonomously execute their designated
tasks, effectively share data and insights, and ultimately optimize complex end-to-end processes.'?

At the heart of agentic Al orchestration lies an orchestrator, which may be a central Al agent or a
sophisticated orchestration framework. This orchestrator plays a pivotal role in managing and
coordinating the intricate interactions between the various agents in the system. Specifically, it
performs the following key functions:

Receives user requests or queries and interprets the intent

Decides which agent or group of agents to activate to respond to the request

Specifies the output expectations for the selected agents

Assesses the responses from agents, evaluating quality and coherence

Determines whether to re-query the same agent or to engage different agents to improve the
result

e Collects feedback from the user to inform future decisions and agent behavior

This level of synchronized action is essential for managing multifaceted workflows, ensuring that
the right expertise is applied at the right time. Agentic Al orchestration focuses on the intelligent
coordination of autonomous Al agents—software entities that can make independent decisions and
take actions based on their context and assigned goals.?

It represents both the art and science of skillfully managing, coordinating, and continuously
monitoring a collective of intelligent agents, each operating independently but toward a unified
objective." Effective agentic Al orchestration is characterized by dynamic adaptability, tool-usage
fluency, contextual memory, and the ability to orchestrate interconnected chains of agents to tackle
complex and evolving challenges."
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2.3 How agentic Al differs from RPA, micro-services, traditional Al pipelines

Agentic Al orchestration represents a significant leap forward from traditional automation
technologies like Robotic Process Automation (RPA). Unlike RPA, which relies on software robots
executing predefined, rule-based tasks with fixed outcomes, agentic Al orchestration empowers
autonomous Al agents with the ability to make decisions, solve problems dynamically, learn from
each interaction, and continuously improve their performance.® While RPA is effective for
automating structured and repetitive tasks, agentic automation can handle complex processes that
require real-time decision-making and adaptation to changing circumstances.® Agentic Al goes
beyond simply automating existing processes; it can automate objectives, leveraging knowledge and
flexibility in ways that surpass the capabilities of both RPA and Agentic Process Automation (APA).™

Furthermore, agentic Al orchestration differs fundamentally from a microservice architecture.
Microservices structure an application as a collection of small, independent services that
communicate via well-defined APIs. In contrast, agentic Al utilizes intelligent agents that possess
the ability to perceive their environment, react to changes proactively, and coordinate their actions
autonomously to achieve specific goals.’ These Al agents can be viewed as an evolution of
microservices, incorporating artificial intelligence capabilities that enable autonomous behavior,
sophisticated state sharing, real-time collaboration, and intelligent scaling based on dynamic
conditions.™

Finally, agentic Al orchestration offers a more dynamic and adaptive approach compared to
traditional Al pipelines. Traditional pipelines typically involve a linear sequence of processing steps,
each dedicated to a specific function. Agentic Al systems, however, exhibit autonomous behavior,
capable of making decisions, interacting with their environment, and adapting to dynamic contexts
without continuous human intervention.'” By combining orchestration layers, natural language
processing, and external APIs, agentic Al can solve specific tasks in a dynamic and context-aware
manner, moving beyond the reactive nature of traditional Al pipelines that often require explicit
prompts to operate.'® Agentic Al systems possess the capacity to plan, decide, and act
autonomously, orchestrating intricate workflows with minimal human oversight. This contrasts
sharply with traditional Al and automation technologies, which frequently necessitate human
supervision and structured input to function effectively.'

“As we move beyond monolithic models toward more dynamic Al
ecosystems, agentic orchestration is becoming the cornerstone of scalab.
intelligence. At Artefact, we see this not just as a technical evolution, but ¢
a strategic imperative — where Al agents coordinate, reason, and act to
deliver outcomes that align with business intent in real time.”

— Hamza Halabi, Data and Al Manager
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3 | Conceptual foundations

3.1 Agent theory and multi-agent systems basics

At the core of agentic Al orchestration lies the fundamental concepts of agent theory and
multi-agent systems. In artificial intelligence, an intelligent agent is defined as an entity that can
perceive its surrounding environment, autonomously take actions to achieve specific goals, and has
the potential to improve its performance over time through machine learning or by acquiring new
knowledge.?® These Al agents are often designed to be rational agents, meaning they make
decisions based on their perceptions and available data in a way that is intended to produce optimal
performance and results in achieving their predetermined goals.?’ Agentic Al builds upon this
foundation, extending the capabilities of intelligent agents to include proactively setting and
pursuing goals, making complex decisions, and taking actions autonomously over extended periods,
demonstrating a form of digital agency.?

When multiple intelligent agents operate within a shared environment and interact with one another
to achieve a collective objective, this constitutes a multi-agent system (MAS).? These systems are
particularly valuable for tackling problems that are either too complex or too large in scale for a
single agent or a monolithic system to solve effectively.?® The individual agents within a MAS
typically exhibit several key characteristics, including autonomy, meaning they are at least partially
independent and can act without direct external control; local views, as no single agent possesses a
complete global perspective of the entire system; and decentralization, where no single agent is
designated as having ultimate control over the others.?® Multi-agent systems can be structured
according to various architectures, such as centralized networks where a single server manages
agent interactions, decentralized networks where agents communicate directly with each other, and
hierarchical structures where agents are organized in layers with varying levels of autonomy.?> Each
of these architectures presents its own set of advantages and disadvantages in terms of
communication efficiency, system robustness, and the complexity of coordination required.

Channels Al agents types & tools

Website & application Knowledge

management &
research assistants

Customer service Decision support

Social media (e.g. WhatsApp) swarms agents

Orchestrator

Intranet

Dashboard

Application development Al content generation

Voice/text command

-

Figure 2: Reference architecture illustrating the different sections of the agentic system architecture
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“By orchestrating a collection of specialized Al agents, we create
systems that can achieve what no single model could accomplish alone,
fundamentally expanding the impact of Al in real-world applications.”

— Oussama Ahmad, Managing Partner

3.2 Orchestration vs coordination vs choreography

In the realm of multi-agent systems, the terms orchestration, coordination, and choreography are
often used to describe how multiple agents work together, but they represent distinct approaches to
achieving collaborative behavior.

Orchestration in agentic Al systems typically refers to a more structured and often centralized
method of managing interactions.? This approach usually involves an orchestrator — which could be
a central Al agent or a dedicated framework - that directs and coordinates the activities of other
specialized Al agents. The orchestrator is responsible for tasks such as assigning specific
responsibilities to agents, managing the overall workflow by breaking down complex tasks into
smaller steps, facilitating communication between agents, and ensuring that all agents operate
within a shared context to achieve the desired outcome.?

Coordination, on the other hand, tends to be a more decentralized approach to collaboration in
MAS.? In this model, Al agents often interact directly with each other to achieve their goals without
necessarily relying on a central orchestrator. Coordination involves aspects such as autonomous
decision-making by individual agents, dynamic communication where agents exchange information
and negotiate actions, the allocation of roles among agents based on their capabilities and the
current situation, and mechanisms for resolving conflicts that may arise from the independent
actions of different agents.?

Choreography represents a fundamentally decentralized approach to coordinating the behavior of
multiple services or agents.?® In a choreographed system, there is no central controller; instead, each
service or agent within the system is aware of specific events and knows how to react to those
events by communicating directly with other relevant services or agents. This event-driven
communication allows for a highly decoupled architecture where services can operate
independently. While choreography offers benefits in terms of flexibility and scalability, it can also
present challenges in terms of overall system visibility and the complexity of managing intricate
interaction patterns.? In practice, many real-world multi-agent systems often employ a combination
of both orchestration and coordination principles to achieve effective and resilient collaborative
behavior.?
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Control

Communication

Agent interaction

Central entity

Analogy

Pros

Cons

When to use

Centralized
(orchestrator directs)

Command-driven

Orchestrator -> agent

Yes (orchestrator)

Control tower

Central control,
visibility, simpler flow
logic

Tight coupling, single
point of failure

Guaranteed order
needed, central view
desired

Decentralized (agent
interactions)

Direct agent-to-agent
(negotiation)

Agent <-> agent

Typically no

Teamwork /
negotiation

Flexibility, adaptability,
direct interaction

Potential complexity,
conflict resolution
needed

Dynamic adaptation
needed, shared goals
exist

Decentralized (no
central controller)

Event-driven

Agent -> event ->
agent

No

Dance / trail

Loose coupling,
scalability, resilience

Reduced visibility,
complex interactions

High autonomy
needed, avoid single
failure point

Table 1: Comparision table between Orchestration, Coordination and Choreography
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4 | Agentic orchestration architecture

4.1 Core building blocks (agents, orchestrator/controller, shared memory, tool
layer, evaluation loop)

A typical reference architecture for an agentic Al system comprises several core building blocks that
work together to enable intelligent and autonomous behavior. At the heart of the system are the
agents themselves. These are autonomous software entities, often powered by large language
models, designed to perform specific tasks or roles within the overall system. Agents possess
capabilities such as planning, memory, and the ability to utilize tools to interact with their
environment.’ The orchestrator or controller acts as the central management component,
responsible for coordinating the interactions between the various agents. It ensures that the right
agent is activated at the appropriate time to execute its designated task, guiding the flow of the
overall workflow.? Shared memory serves as a crucial component for facilitating seamless
communication and collaboration among the agents. It acts as a common repository where agents
can exchange information, share plans, and maintain a consistent understanding of the system's
state and goals.® The tool layer provides the agents with the necessary interfaces to interact with
the external world. This layer encompasses a wide range of tools, including APIs, databases,
external services, and other functionalities that agents can invoke to gather information, perform
actions, and achieve their objectives." Finally, the evaluation loop is an essential building block that
continuously monitors the performance of the agents and the system as a whole. It provides
feedback mechanisms to assess the effectiveness of agent actions, identify areas for improvement,
and ensure that the system remains aligned with its intended goals and delivers the desired

outcomes.
Orchestrator
Intent parser Agent router Task decomposer & planner Shared memory layer
Output synthesizer Feedback loop manager Governance & guardrails

Figure 3: Core components enabling agentic orchestration
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“Agentic Al orchestration begins at the foundational architecture layer —
a reference blueprint where autonomous agents are not just deployed,
; but intentionally designed to collaborate, adapt, and scale within a
' cohesive ecosystem.”

— Anthony Cassab, Data Consulting Director

4.2 Security and governance overlay

Security and governance are paramount considerations for any agentic Al system to ensure its
responsible, reliable, and trustworthy operation. A robust security overlay is essential to protect the
system from potential threats and vulnerabilities.® This includes implementing measures such as
sandboxing to isolate agent processes and prevent unauthorized access to resources, privilege
separation to ensure agents only have the necessary permissions for their tasks, and robust
protection against prompt injection attacks that could manipulate agent behavior.” Secure API
access is also crucial for controlling how agents interact with external tools and data sources.
Complementing security measures is a comprehensive governance overlay that establishes clear
protocols and frameworks for the development and deployment of Al agents.® This includes
conducting thorough risk assessments to identify potential vulnerabilities, implementing
mechanisms for compliance tracking with relevant regulations, and ensuring continuous monitoring
of agent activities.? Responsible Al guardrails are a key aspect of governance, focusing on
addressing ethical considerations such as bias in algorithms and data, ensuring fairness in agent
decision-making, and prioritizing the safety of the system and its users.? Furthermore, auditability,
logging of agent actions, and explainability of their reasoning are vital for maintaining transparency
and accountability within the agentic Al system.’
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4.3 Deployment topologies (cloud, edge, hybrid)

Agentic Al systems offer flexibility in terms of how and where they can be deployed, with common
topologies including cloud, edge, and hybrid environments.® Cloud deployment leverages the vast
infrastructure and services provided by cloud platforms, offering significant scalability, high
availability, and access to a wide array of Al and data processing resources.® This topology is
well-suited for applications that require substantial computational power and large-scale data
storage. Edge deployment, on the other hand, involves deploying Al agents and related components
closer to the source of the data, such as on-premises devices or within local networks.* This
approach is particularly beneficial for applications that demand low latency, real-time processing,
and enhanced privacy by minimizing the need to transfer data to remote cloud servers. Hybrid
deployment represents a combination of cloud and edge resources, allowing organizations to
strategically distribute their agentic Al workloads based on specific requirements and constraints.*
For instance, data processing and model training might occur in the cloud, while inference and
real-time actions are performed at the edge. The optimal choice of deployment topology depends on
a variety of factors, including specific data locality requirements, acceptable latency for the
application, security considerations related to data transmission and storage, and overall cost
implications.*

CLOUD
é
L

Al processing is carried
out entirely on remote
cloud infrastructure,
providing scalability
and access to extensive
resources

EDGE

!
<>

Al processing hap-
pens closer to the data
source, such as on local
devices or on-premises
servers, enabling lower
latency

/

HYBRID
[ db

<D

|

Al workloads are dis-
tributed across both
cloud infrastructure and
edge devices, offering

a balance of scalability
and low latency
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Cloud deployment

Hosted on centralized
cloud servers

Higher latency due to
remote processing

Highly scalable with
elastic cloud
infrastructure

Data is transmitted to the
cloud for processing;
requires secure channels

Leverages vast cloud
compute resources (e.g.,
GPUs, TPUs)

Data-heavy applications,
large model training,
centralized analytics

OPEX-heavy (pay-per-use
cloud services)

Requires stable internet
connectivity

Amazon Bedrock, Azure
OpenAl, Google Vertex Al

Requires robust

Edge deployment

Deployed on
local/on-prem devices
near data source

Low latency; ideal for
real-time, on-site
decisions

Limited scalability;
depends on local
hardware

Data remains local,
reducing transmission
risk

Limited to device
capabilities

Real-time monitoring
(e.g., loT, manufacturing),
privacy-sensitive
applications
CAPEX-heavy (investment
in edge devices)

Functions offline or with
intermittent connectivity

NVIDIA Jetson, Intel
OpenVINO, Raspberry
Pi-based systems

Requires physical security

cloud-side encryption and and local access control

access controls

AGENTIC Al ORCHESTRATION

Hybrid deployment

Split between cloud and
edge depending on
function

Balanced; latency-critical
tasks handled at edge,
others in cloud

Scalable by offloading
tasks to cloud as needed

Sensitive data can stay
local while other types are
sent to cloud

Optimal use of both high
and low compute
resources

Distributed Al,
autonomous vehicles,
retail analytics

Mixed (hardware + cloud
subscription)

Tolerant to network
fluctuations

AWS Greengrass, Azure
Stack, hybrid Kubernetes
clusters

Complex policies needed
to govern both
environments

Table 2: Comparision table of the three distinct types of deployment
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5 | Agentic Al technologies

5.1 Reasoning models (advanced orchestration LLMs)

The technology landscape of agentic Al orchestration prominently features advanced foundational
models known as reasoning models. These models, including OpenAl's 03 and 04-mini models,
Google's Gemini 2.5 Pro, and Anthropic's Claude 3.7 Sonnet, form the intellectual core of modern Al
orchestration systems. Equipped with sophisticated natural language understanding and intrinsic
reasoning capabilities, these models interpret complex instructions, strategize solutions, and
proactively plan actionable steps. This advanced reasoning enables agents to handle nuanced tasks
autonomously, engaging with users through more natural, conversational interactions. Additionally,
multimodal capabilities allow these reasoning models to process diverse data types such as text,
images, audio, and video, significantly broadening the scope of their real-world applicability.
Selecting the appropriate reasoning model critically impacts an agent’s sophistication,
effectiveness, and operational efficiency.

03

DeepSeek-R1
eepoee 04-mini

& deepseelk &) OpenAl

Qwen3 ('{\ @ Gooadle Gemini
9 2.8 P
DeepMind o

ANTHROP\C
M

Grok 3 Claude
3.7 Sonnet

Figure 5: Reasoning Models Overview
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5.2 Workhorse models (standard task-oriented LLMs)

In parallel with advanced reasoning models, the Al orchestration landscape includes workhorse
models that are designed for efficient, reliable performance in standard, routine tasks without
intrinsic advanced reasoning or planning capabilities. Notable examples of workhorse models
include OpenAl's GPT-40 and GPT-4.1, Google's Gemini 2.0 Flash, and Anthropic's Claude 3.5
Sonnet. These models excel in handling straightforward interactions, providing rapid and accurate
execution for clearly defined tasks. They are optimized for high throughput and lower computational
costs, making them ideal for scenarios where sophisticated reasoning is less critical, but speed,
scalability, and consistent performance are paramount. These models typically serve as reliable
backbones within broader agent ecosystems, efficiently handling routine tasks while more
sophisticated reasoning models manage complex strategic decision-making and higher-order tasks.

GPT-4.1
Llama GPT-4.1-mini

3.3
GPT-4.1-nano

00 MetCI @ OpenAI GPT-40

6 Google

ANTHROP\C s
DeepMind
Claude
Haiku
Gemini
2.0 Flash

Claude Sonnet
3.5

Figure 6: Workhorse Models Overview
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5.3 Agent building frameworks (LangChain, CrewAl...)

A rich ecosystem of agent building frameworks has emerged, providing developers with essential
tools and modular building blocks for creating and orchestrating intelligent agents. Prominent
frameworks include LangChain, AutoGen, CrewAl, Llamalndex, and Semantic Kernel. These
frameworks streamline the development of agentic systems by offering pre-built functionalities,
seamless integrations with external services, and robust memory management capabilities to
support persistent context. LangChain and AutoGen facilitate efficient multi-agent communication
and task orchestration through structured, asynchronous interactions. CrewAl focuses on
collaborative agent configurations and specialized task delegation, making it particularly useful for
complex, coordinated workflows. Llamalndex simplifies data integration and retrieval, enhancing
agents' abilities to access and leverage external knowledge bases effectively. Semantic Kernel
provides a lightweight yet powerful foundation for developers aiming to construct sophisticated,
maintainable, multi-agent systems. Collectively, these frameworks significantly accelerate the
development cycle and improve the maintainability and scalability of agent-based applications.

m Key Features/Focus Primary Use Cases

LangChain Broad toolkit, chaining, agents, General LLM application
memory, tool use, LangGraph development, agent prototyping
visualization

AutoGen Multi-agent conversations, Collaborative problem-solving,
customizable agents, research simulations

human-in-the-loop

CrewAl Role-playing agents, task Automating team-based
delegation, collaborative processes, complex task
workflows execution

Llamalndex Data indexing and retrieval for Building knowledge-intensive
LLMs, RAG pipelines, query agents, RAG applications
engines

Semantic Kernel Lightweight, planning (Planner),  Integrating LLMs into existing
skills/functions, connectors apps, enterprise agents

(Microsoft Focus)

Table 3: Agent building frameworks features & use cases
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5.4 Agentic Development Platforms (Azure Al Studio, Google Vertex Agents,
Hugging Face AutoTrain...)

To further streamline the development and deployment of agentic Al solutions, several orchestration
services and platforms have become available. These platforms, such as Azure Al Studio, Google
Vertex Al Agent Builder, and Hugging Face AutoTrain, provide managed environments that abstract
away much of the underlying infrastructure complexities, allowing developers to concentrate on the

core logic and behavior of their Al agents and multi-agent systems.® Azure Al Studio, for example,
offers a comprehensive suite of tools, including a dedicated environment for prompt flow
development, managed online endpoints for facilitating real-time inference, and seamless
integration with a wide range of other Azure Al services, providing a cohesive platform for building
and deploying agentic applications.® Google Vertex Al Agent Builder offers an equally robust
platform specifically designed for creating and orchestrating multi-agent experiences, featuring the
open-source Agent Development Kit (ADK) for building agents and the fully managed Agent Engine
for deploying them at scale.*® By providing these managed services, cloud providers are making it
significantly easier for developers to build, test, deploy, and manage sophisticated agentic Al
solutions without needing to handle the intricacies of low-level infrastructure management.®°

Azure Al Studio

Google Vertex Al
Agent Builder

IBM watsonx
Orchestrate

Adobe Agent
orchestrator

Salesforce
Agentforce
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Prompt Flow, Managed Endpoints,
Azure ML Integration, OpenAl SDK,
Responsible Al tools

Agent Development Kit (ADK), Agent
Engine, Vertex Al integration,
Search/Conversation Al

Skill/tool management, workflow
automation, pre-built skills, LLM
integration

AEP integration, customer journey
focus, pre-built agents (e.g., Brand
Concierge)

Einstein 1 platform integration, Atlas
Reasoning Engine, Focus CRM

Enterprise Al/ML development on
Azure, agent deployment

Building and deploying agents on
Google Cloud, search/chat apps

Business process automation,
task delegation

Customer experience
enhancement, marketing/sales
automation

Customer service automation,
sales productivity

Table 4: Agentic development platforms features & use cases
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5.5 Key capabilities of agentic Al (autonomy, tool-use, memory, reflection)

The effectiveness of agentic Al systems is defined by a set of core capabilities that extend beyond
language generation:

Autonomy

Autonomous agents can pursue defined goals and perform tasks without continuous human input.
Once given an objective, they proactively make decisions, take goal-directed actions, adapt to new
inputs, and even trigger alerts or escalate issues. This autonomy enables scalable, hands-free
workflows.

Tool use

Agents extend their functionality by interfacing with external tools and systems — including APls,
web search engines, data analysis software, and internal enterprise applications. Tool use allows
agents to augment their capabilities with real-time data access, dynamic reasoning, and actionable
execution in live environments.

Memory

Effective agents leverage both short-term memory (contextual retention within a task or session)
and long-term memory (persisted knowledge across sessions). This memory enables learning from
past interactions, maintaining continuity, and delivering contextually relevant responses.

Reflection

Reflection equips agents with the ability to evaluate their own performance, adjust behavior based
on feedback, and iteratively improve. This self-improvement loop allows agents to refine strategies,
detect failures, and optimize decision-making over time.

At the system level, an Agent orchestrator manages task decomposition and agent delegation.
Much like a project manager coordinating specialist team members, the orchestrator interprets the
user's high-level objective and distributes subtasks to specialized agents. Each agent, equipped with
reasoning models and tool integration, operates independently while contributing to a unified,
dynamic workflow. This orchestration model enables flexible, end-to-end problem-solving in
increasingly complex and real-time environments.
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6 | Design and development lifecycle

agent role
definition &
behaviour design

business-value
discovery

Cl/CD & )
MLOps design

rompt / tool
for agents & development Epecifr:cation

lifecycle guardrailing

evaluation MVP
development

Figure 7: Design and development lifecycle

6.1 Business value discovery

The initial phase of the design and development lifecycle for agentic Al applications is crucial for
identifying potential business value and pinpointing high-impact use cases." This involves a
thorough understanding of the organization's strategic business objectives and the identification of
specific pain points or inefficiencies that could be effectively addressed through the application of
agentic Al. Prioritization of these potential use cases should be based on a careful evaluation of
their potential return on investment (ROI) and the practical feasibility of their implementation.®* It is
also vital for organizations to conduct a realistic assessment of their current level of Al maturity and
to assess the readiness of their teams to adopt and work with the advanced technologies involved in
agentic AL®? For initial pilot projects, it is often recommended to focus on use cases that have a high
likelihood of demonstrating clear and relatively rapid ROI, ideally within a timeframe of three to six
months.®?
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6.2 Agent role definition and behavior design

Once promising use cases have been identified, the next critical step is to define clear roles and
responsibilities for each individual agent within the multi-agent system.? This involves specifying the
unique function or expertise that each agent will bring to the collaborative effort, ensuring that the
collective of agents possesses the necessary skills to achieve the overall objective. Behavior design
then focuses on detailing how each agent should perceive its environment, reason about the
information it gathers, plan its course of action, and ultimately act to achieve its assigned goals and
contribute effectively to the overarching objective of the system.® This process may also include
defining the agent's personality or persona, its specific area of expertise, and the operational
constraints within which it must function.% For complex workflows that require a multitude of steps,
it is often beneficial to decompose the overall task into smaller, more manageable sub-tasks and
then assign these sub-tasks to specialized agents that are best equipped to handle them.®

6.3 Prompt/tool specification guardrailing

For agentic Al systems that leverage large language models, prompt engineering plays a pivotal role
in effectively guiding the behavior of the agents.® This involves the careful crafting of prompts that
provide clear and concise instructions, relevant context, and any necessary constraints to ensure
that the agent accurately understands the task at hand and generates appropriate and desired
responses or actions.*® In addition to prompting, tool specification is equally important. This
involves clearly defining the external tools or functions that the agents will have access to and
precisely outlining how these tools should be utilized to accomplish specific tasks within the
workflow.! Effective tool specification includes providing comprehensive descriptions of each tool,
detailing the parameters it requires, and explaining how the agent should interpret the output it
receives from the tool.*®

6.4 MVP development

The Minimum Viable Product (MVP) phase is focused on rapidly developing a functional prototype
of the agentic Al system that demonstrates core capabilities and validates the business value of the
proposed use case. This version should include a representative subset of agents with clearly
defined roles, basic orchestration logic, and limited but functional tool integrations or memory
components. The MVP should reflect a realistic user workflow, enabling early users and
stakeholders to interact with the system and provide actionable feedback.

During this stage, the goal is not to build a fully robust or scalable solution, but rather to establish
proof of concept and validate assumptions related to agent behavior, prompt effectiveness,
integration feasibility, and user satisfaction. The MVP also serves as a foundation for testing
success metrics, such as task completion rates, user engagement, and response accuracy. Focusing
on speed, iteration, and end-user feedback helps reduce development risk and accelerates
time-to-value, especially when targeting early ROI within a three- to six-month timeframe.
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6.5 Evaluation

Evaluation is a critical phase in the agentic Al lifecycle, focused on systematically assessing how
well the system performs in terms of accuracy, reliability, and alignment with intended goals. This
involves both quantitative and qualitative methods to measure agent effectiveness across various
dimensions. Simulated user testing enables evaluation under diverse usage scenarios, helping
identify performance boundaries and uncover corner cases. This approach ensures that agents can
maintain consistent behavior and complete tasks effectively under real-world conditions.

In addition to standard user testing, evaluation includes the use of structured performance metrics
such as task adherence (how well the agent executes assigned tasks), tool call accuracy
(correctness and precision in using specified tools), and intent resolution (accuracy in interpreting
user goals). These metrics offer insights into agent quality and consistency. Furthermore, agents
must be evaluated for robustness against input variation and assessed for responsiveness, latency,
and fallback behavior when tasks fail or ambiguity arises. A well-defined evaluation strategy helps
teams continuously improve agent behavior and ensures the solution meets business, ethical, and
safety standards before scaling further.

6.6 CI/CD and MLOps for agents

For the efficient and reliable deployment and ongoing management of agentic Al applications, the
implementation of CI/CD (Continuous Integration/Continuous Delivery) pipelines and MLOps
(Machine Learning Operations) practices is of paramount importance.® This involves automating the
entire process of building, rigorously testing, and seamlessly deploying agents and their underlying
Al models into the production environment.® MLOps for agentic Al extends beyond traditional ML
models to encompass the unique aspects of managing autonomous agents, including continuously
monitoring their performance in the live production setting, effectively managing different versions
of both the agents themselves and the models they rely on, and establishing a smooth and iterative
cycle for continuous improvement based on real-world usage and feedback.®

“Designing agentic Al systems demands a disciplined yet agile lifecycle
— where business value drives every decision, agents are crafted with
purposeful roles and behaviors, and continuous evaluation ensures
alignment with real-world needs. A structured approach, from ideation to
MLOps, transforms complex Al orchestration from concept to scalable,
trustworthy solutions.”

— Zahy Al Asmar, Senior Data Consultant
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7 | Governance, Risk and Compliance (GRC)

As organizations deploy agentic Al systems, establishing a strong Governance, Risk, and
Compliance framework becomes essential. Al agents empowered with high levels of autonomy
introduce new risks, from executing incorrect or harmful actions, to exposing sensitive data, to
making biased decisions. Al governance provides oversight mechanisms to monitor and manage
these Al activities within an organization. Effective governance aims to ensure compliance with
regulations and ethical standards, build trust in Al-driven outcomes (by ensuring transparency and
fairness of agent decisions), and improve efficiency by standardizing development practices. A
well-designed GRC framework for agentic Al defines policies (what agents are allowed to do and
under what conditions), processes for risk assessment and mitigation, and compliance
checks/audits to enforce rules throughout the Al system'’s lifecycle. This often includes setting up
oversight dashboards, logging and traceability of agent actions, and fail-safes if an agent
misbehaves or deviates from acceptable parameters.

Responsible Al Data privacy Auditability, logging
guardrails & sovereignty & explainability

Bias detection, fairness Compliance with global data Comprehensive activity logs
principles, and safety protection laws, supported by and transparent reasoning
mechanisms embedded encryption, anonymization, paths to support traceability,
throughout the agent lifecycle and controls that respect oversight, and user
to ensure ethical behavior regional data residency understanding of agent
and prevent harm requirements decisions

Figure 8: The three components of the GRC framework

“Without robust governance and proactive risk management, agentic Al
systems risk operating in ways that are opaque, non-compliant, or even
harmful. A well-architected GRC framework serves as the safeguard that
ensures these autonomous agents consistently act in alignment with
human values, organizational mandates, and legal obligations,
preserving both trust and accountability at every step of their lifecycle.”

— Zahy Al Asmar, Senior Data Consultant
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7.1 Responsible Al guardrails (bias, fairness, safety)

Implementing responsible Al guardrails is of utmost importance in agentic Al systems to proactively
address potential ethical concerns such as bias in decision-making, ensure fairness in outcomes,
and maintain the overall safety of the system and its users.? This involves employing various bias
detection and mitigation techniques throughout the entire Al development lifecycle to prevent the
system from producing discriminatory results or perpetuating harmful stereotypes.*’ Fairness
considerations require ensuring that agents treat all different groups of users or stakeholders with
equity and avoid any actions that could exacerbate existing societal biases.® Robust safety
mechanisms are also crucial to prevent agents from causing harm, whether intentionally through
malicious design or unintentionally due to errors in reasoning, and to ensure that they operate
consistently within clearly defined and acceptable boundaries.*?

7.2 Data privacy and sovereignty

Data privacy and sovereignty are critical considerations when developing and deploying agentic Al
systems, particularly in scenarios where these systems handle sensitive or personally identifiable
information (PPI).® Organizations must ensure strict compliance with all relevant data privacy
regulations, such as the General Data Protection Regulation (GDPR) in Europe and the California
Consumer Privacy Act (CCPA) in the United States.*® Furthermore, data sovereignty requirements,
which may dictate the geographical location where data can be stored and processed, can
significantly influence the choice of deployment topology for agentic Al applications.® To protect
sensitive data processed by Al agents, it is essential to employ robust techniques such as data
anonymization to remove identifying information and strong encryption to safeguard data both in
transit and at rest.*°

7.3 Auditability, logging and explainability

For agentic Al systems to be trustworthy and accountable, ensuring auditability and comprehensive
logging of their actions and decisions is essential.” Detailed logs provide a critical record of the
agent's behavior over time, which is invaluable for compliance purposes, for troubleshooting any
issues that may arise, and for understanding the system's overall operation. Moreover, explainability,
the ability to understand and interpret the reasoning behind an agent's actions or the outputs it
generates, is crucial for building user trust and maintaining accountability.” Techniques such as
chain-of-thought reasoning, where the agent explicitly outlines its step-by-step thought process, can
significantly enhance the transparency and explainability of the decision-making process,
particularly for agents powered by large language models.®°
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8 | Agentic Use Cases

8.1 Knowledge management and research assistants

Agentic Al offers significant potential in transforming knowledge management and research
processes within organizations. By leveraging the capabilities of autonomous agents, businesses
can build intelligent systems that can proactively gather information from a multitude of sources,
meticulously analyze and synthesize this data, and provide valuable insights to users.” These
Al-powered research assistants can streamline complex research tasks, significantly improve the
accessibility of relevant knowledge across the organization, and ultimately enhance the quality and
speed of decision-making processes. A prime example of this is the development of multi-agent
systems capable of sophisticated web scraping and comparative policy analysis.

Al agent for knowledge management

@ — @ Text Audio Image
Knowledge creation INPUT
agents
T Profiling Memory Knowledge Planning
ED | < module module module module
Knowledge storing BRAIN
& retrieving agents
R A
[N L G/Q NLP tools Info search Datatzr;zla;ytlcs
Knowledge sharing ACTION
agents
(Agent picks tools based on task’s requirements)

Figure 9: Al agent for knowledge management
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8.2 Customer service swarms

AGENTIC Al ORCHESTRATION

Agentic Al can revolutionize customer service by enabling the creation of intelligent customer
service swarms. In this model, multiple specialized Al agents collaborate seamlessly to address
complex customer inquiries and efficiently resolve a wide range of issues. These agents are
designed to deeply understand customer intent through natural language processing, access
relevant information from various systems and knowledge bases, and take autonomous actions
when appropriate to provide personalized and timely support, significantly enhancing the overall

customer experience.

Hospitality Al agent

A

Customer support agent

-

Front-desk operations agent

@

Travel planning agent

&

Market research agent
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(Agent picks tools based on task’s requirements)

Figure 10: Hospitality Al Agent
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8.3 Decision-support agents

AGENTIC Al ORCHESTRATION

Executives can greatly benefit from the deployment of agentic Al in the form of intelligent

decision-support agents. These sophisticated systems can analyze vast quantities of internal and
external data, identify key trends and patterns that might not be immediately apparent, and provide
actionable insights that can inform critical strategic decision-making. These agents can also be
configured to continuously monitor key performance indicators (KPIs), provide timely alerts when

significant deviations occur, and even simulate the potential outcomes of different strategic choices,

thereby empowering executives to make more informed and data-driven decisions.
Al agent for IT
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Succession planning agent

(Agent picks tools based on task’s requirements)

Figure 12: Al agent for HR
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8.4 Application development (vibe coding)

Agentic Al is redefining software development by enabling collaborative, intelligent environments
where autonomous agents co-develop applications based on natural language instructions and
contextual feedback. One compelling use case is the orchestration of agents within a "vibe coding"
platform—where developers and non-technical users can describe desired functionalities
conversationally and receive working software components in return.

In this setup, a central orchestrator oversees a suite of specialized agents that collaborate to
interpret user intent, retrieve reusable code snippets, design user interfaces, and validate logic. The
application developer agent acts as the main executor, synthesizing front-end and back-end logic
based on prompts. Supporting this agent, others specialize in context enrichment (e.g., querying
relevant code repositories), compliance validation, and UI/UX adaptation for different platforms.
These agents interact via a shared memory space and leverage tool integrations like GitHub search,
Ul component libraries, and syntax validation APIs. The orchestrator continually evaluates agent
outputs—deciding when to iterate, switch agents, or involve the user for clarification—thereby
ensuring rapid, accurate, and compliant code generation.

Deployed as a cloud-native solution with containerized services, this architecture allows for scalable
on-demand collaboration across agents, enabling organizations to accelerate prototyping, reduce
development cycles, and empower broader teams to contribute to software creation without deep
coding expertise.

8.5 Al content generation

Al content generation is a rapidly evolving domain where agentic Al systems demonstrate
exceptional utility in producing high-quality, context-aware content across formats and industries.
Unlike traditional generative models that operate in isolation, agentic Al enables a coordinated
approach to content creation through multiple specialized agents working collaboratively. These
agents can be assigned distinct roles such as ideation, tone/style adaptation, factual verification,
multimedia enrichment, and format conversion (e.g., blog, social post, executive summary). For
instance, an orchestrator may trigger an “Idea Agent” to generate a draft based on current trends,
followed by a “Tone Agent” to align it with brand voice, and a “Fact-Check Agent” to cross-reference
key claims with reliable sources or knowledge bases. This modular approach ensures not only
speed and volume but also accuracy, audience fit, and alignment with organizational goals.

These content-generation workflows are particularly impactful in marketing, journalism, internal
communications, and customer engagement, where demands for timely, consistent, and
personalized messaging are high. With integration into tools like CMS platforms, media asset
libraries, or product catalogs, agents can generate tailored content at scale, such as automatically
localized product descriptions, data-driven reports, or customized email campaigns. The
orchestrator ensures seamless agent interaction, governs review checkpoints, and decides when to
involve human editors. This results in scalable, compliant, and brand-aligned content pipelines that
can adapt to shifting needs in real-time, dramatically reducing manual effort while enhancing
content relevance and effectiveness.
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8.6 Orchestrator interaction highlights

Across the spectrum of agentic Al use cases, the orchestrator plays a central role in managing the
flow of tasks, data, and decisions among autonomous agents. It serves as the control layer that
ensures coordination, correctness, and contextual coherence across multi-agent interactions. Below,
we highlight how the orchestrator intervenes in and governs each use case discussed:

Knowledge management and research assistants:

The orchestrator routes user queries to the appropriate agents—e.g., web scrapers, summarizers, or
domain experts—based on context and query type. It manages shared memory to prevent
redundancy, validates relevance of retrieved data, and determines when intermediate findings should
be synthesized into an actionable insight or escalated to a human reviewer.

Customer service swarms:

In customer-facing scenarios, the orchestrator dynamically assigns incoming queries to specialized
agents (e.g., billing, technical support, retention). It maintains session continuity, ensures that
agents share context through a memory layer, and enforces fallback logic (e.g., human handoff) if
confidence thresholds are not met. It may also prioritize SLAs or route escalations based on issue
severity and sentiment analysis.

Decision-support agents for executives:

Here, the orchestrator coordinates periodic scans of internal data lakes and external market signals,
triggering appropriate analytical agents (e.g., anomaly detection, forecasting, simulation). It
contextualizes outputs before surfacing them to executives, often aggregating multiple agent
outputs into a single decision dashboard. It also manages model selection and data freshness
thresholds.

Application development (vibe coding):

In vibe coding environments, the orchestrator interprets user intent and decomposes it into
subtasks for agents specializing in syntax generation, Ul design, compliance, and testing. It tracks
task progress across a shared state, resolves agent conflicts (e.g., design vs. functionality), and
orchestrates iterative refinement cycles based on validation outcomes or user clarifications.

“Integrating agentic orchestration into our design unlocked seamless
collaboration between specialized agents, elevating policy workflows
from static documents to dynamic, intelligence-driven ecosystems.”

— Hamza Halabi, Data and Al Manager

ART=FACT 37



AGENTIC Al ORCHESTRATION

9 | Conclusion

Agentic Al orchestration represents a transformative evolution in the field of artificial intelligence,
offering a powerful paradigm for building intelligent automation solutions that go beyond the
limitations of traditional approaches. By enabling autonomous, collaborative problem-solving
through the coordinated efforts of specialized Al agents, organizations can unlock significant
benefits, including increased efficiency in complex workflows, improved accuracy and speed in
decision-making, enhanced and personalized customer experiences, and the ability to automate
intricate processes with minimal human intervention.’

As organizations look to harness the potential of this cutting-edge technology, it is crucial to
approach implementation with a clear understanding of the conceptual foundations, the available
technology landscape, and the importance of robust governance and risk management practices.
Artefact, with its deep expertise in data and Al consulting, is well-positioned to guide businesses
through every step of their journey. We recommend that organizations interested in exploring the
transformative power of agentic Al begin by conducting a thorough readiness assessment to
understand their current capabilities and identify high-potential use cases. Starting with a focused
MVP pilot project will allow for demonstrating early value and building internal expertise before
scaling to broader production deployments. By partnering with experienced consultants like
Artefact, organizations can navigate the complexities of agentic Al orchestration and unlock its full
potential to drive innovation and achieve strategic business objectives.
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A | Appendix A - Glossary

e Agentic Al: A type of artificial intelligence where systems or programs can act autonomously to
achieve specific goals, often involving planning, decision-making, and interaction with their
environment.

e Agent: An autonomous software entity that can perceive its environment, make decisions, and
take actions to achieve specific goals.

e Orchestration: A centralized approach to managing and coordinating the interactions between
multiple agents or services to achieve a common goal.

e Coordination: A decentralized approach where multiple agents interact directly with each other to
collaborate and achieve a common goal without a central controller.

e Choreography: A decentralized pattern where agents or services communicate through events,
and each agent reacts independently to relevant events without a central orchestrator.

e Multi-Agent System (MAS): A system composed of multiple interacting intelligent agents that
work together to solve problems or achieve goals.

e Foundational model: A large Al model trained on a vast amount of data that can be adapted or
fine-tuned for a wide range of downstream tasks.

e Agent framework: A software development kit or library that provides tools and abstractions for
building and managing Al agents.

e Vector database: A type of database that stores data as high-dimensional vectors, enabling
efficient similarity search for applications like semantic retrieval.

e Event queue: A service that facilitates asynchronous communication between different
components of a system by storing and forwarding messages or events.

e Observability: The ability to understand the internal state of a system based on its external
outputs, often achieved through logging, monitoring, and tracing.

e Prompt engineering: The process of designing and refining prompts to elicit desired responses or
behaviors from large language models.

e Red teaming: A security testing technique where a team simulates attacks to identify
vulnerabilities in a system.

e CI/CD: Continuous Integration and Continuous Delivery, a set of practices for automating the
software development and deployment process.
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e MLOps: Machine Learning Operations, a set of practices that aims to automate and streamline
the workflow of machine learning systems.

e MVP: Minimum Viable Product, a version of a product with just enough features to be usable by
early customers who can then provide feedback for future product development.

e SLA: Service Level Agreement, a contract that defines the expected level of service provided by a
vendor or internal team.

e KPI: Key Performance Indicator, a measurable value that demonstrates how effectively an
organization is achieving key business objectives.

e ROI: Return on Investment, a performance metric used to evaluate the efficiency or profitability of
an investment.

e loT: Internet of Things, a network of physical objects ("things") that are embedded with sensors,
software, and other technologies for the purpose of connecting and exchanging data with other
devices and systems over the internet.

B | Appendix C — Further reading and research links

e FIPA (Foundation for Intelligent Physical Agents)

e AutoGen GitHub Repository: https://github.com/microsoft/autogen®

e Semantic Kernel GitHub Repository: https://github.com/microsoft/semantic-kernel*®

e '"Generative Agents: Interactive Simulacra of Human Behavior" (Park et al., 2023)]°*

e "LLM multi-agent systems: Challenges and Open Problems" (Han et al., 2024):
https://arxiv.org/abs/2402.03578 *

e Awesome Multi-Agent Papers GitHub Repository:
https://github.com/kyegomez/awesome-multi-agent-papers

e "Agentic Al Needs a Systems Theory" (Miehling et al., 2025): https://arxiv.org/abs/2503.00237 *

e "Agency in artificial intelligence Systems" (Das, 2025): https://arxiv.org/abs/2502.10434 °°

e "A Survey on Context-Aware multi-agent systems"
e "Visibility into Al Agents"®

e "AFramework For Intelligent Multi-Agent System Based Neural Networks"®
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"Multiagent Systems" (Wooldridge, 2009) ¥’
Journal of Artificial Intelligence Research (JAIR):*’
Autonomous Agents And Multi-Agent Systems (AAMAS):*’

Multiagent Reinforcement Learning Papers GitHub
Repository:(https://github.com/LantaocYu/MARL-Papers) *®

"An Introduction to multi-agent systems" (Stone and Weiss, 2000)*°
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